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PREFACE. 

The present Monograph is a reprint of a series of 
papers published in the Journal of Anatomy and 
Physiology during the years 1876, 1877 and 1878. 
The successive parts were struck off as they appeared, 
so that the earlier pages of the work were in print 
fully two years ago. I trust the reader will find in 
this fact a sufficient excuse for a certain want of 
coherence, which is I fear observable, as well as for 
the omission of references to several recent publica- 
tions. The first and second chapters would not have 
appeared in their present fomi had I been acquainted, 
at the time of writing them, with the researches which 
have since been published, on the behaviour of the 
germinal vesicle and on the division of nuclei. I may 
also call attention to the valuable papers of Prof His^ 
on the formation of the layers in Elasmobranchs, and 
of Prof. Kowalevsky^ on the development of Am- 
phioxus, to both of which I would certainly have 
referred, had it been possible for me to do so. 

Professor His deals mainly with the subjects 
treated of in Chapter III., and gives a description 
very similar to my own of the early stages of develop- 

^ ZHUehriflf, Anat, u. EntvfickUmgBgesehiehUt Bd. n. 
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raent. His interpretations of the observed changes 
are, however, very different from those at which I 
have arrived. Although this is not the place for 
a discussion of Prof. His's views, I may perhaps state 
that, in spite of the arguments he has brought for- 
ward in support of his position, I am still inclined 
to maintain the accuracy of my original account. The 
very striking paper on Amphioxus by Kowalevsky 
(the substance of which I understand to have been 
published in Russia at an earlier period) contains 
a confirmation of the views expressed in Chapter VI. 
on the development of the mesoblast, and must be 
regarded as affording a conclusive demonstration, that 
in the case of Vertebrata the mesoblast has primi- 
tively the form of a pair of diverticula from the walls 
of the archenteron. 

The present Memoir, while differing essentially in 
scope and object from the two important treatises 
by Professors His^ and Gotte^, which have recently 
appeared in Germany, has this much in common with 
them, that it deals monographically with the develop- 
ment of a single type : but here the resemblance ends. 
Both of these authors seek to establish, by a careful 
investigation of the development of a single species, 
the general plan of development of Vertebrates in 
general, if not of the whole animal kingdom. Both 
reject th^ theory of descent, as propounded by Mr 
Darwin, and offer completely fresh explanations of the 
phenomena of Embryology. Accepting, as I do, the 
principle of natural selection, I have had before me, in 
writing the Monograph, no such ambitious aim as the 

^ Erste ArUage des Wirhelthierleihes, 
* EntwicJslungsgeschichte der Unke^ 
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establishment of a completely new system of Mor- 
phology. My object will have been fully attained if 
I have succeeded in adding a few stones to the edifice, 
the foundations of which were laid by Mr Darwin in 
his work on the Origin of Species. 

1 may perhaps call attention to one or two special 
points in this work which seem to give promise of 
further results. The chapter on the Development of 
the Spinal and Cranial Nerves contains a modification 
of the previously accepted views on this subject, which 
may perhaps lead to a more satisfactory conception 
of the origin of nerves than has before been possible, 
and a more accurate account of the origin of the 
muscle- plates and vertebral column. The attempt to 
employ the embryological relations of the cephalic 
prolongations of the body-cavity, and of the cranial 
nerves, in the solution of the diflScult problems of the 
Morphology of the head, may prove of use in the line 
of study so successfully cultivated by our great English 
Anatomist, Professor Huxley. Lastly, I venture to 
hope that my conclusions in reference to the relations 
of the sympathetic system and the suprarenal body, 
and to the development of the mesoblast, the noto- 
chord, the limbs, the heart, the venous system, and 
the excretory organs, are not unworthy of the attention 
of Morphologists. 

The masterly manner in which the systematic 
position of Elasmobranchs is discussed by Professor 
Gegenbaur, in the introduction to his Monograph on 
the Cranial Skeleton of the group, relieves me from 
the necessity of entering upon this complicated question. 
It is suflBcient for my purpose that the Elasmobranch 
Fishes be regarded as forming one of the most primi- 

B. h 
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tive groups among Vertebrates, a view which finds 
ample confirmation in the importance of the results 
to which Prof. Gegenbaur and his pupils have been 
led in this branch of their investigations. 

Though I trust that the necessary references to 
previous contributions in the same department of en- 
quiry have not been omitted, the 'literature of the 
subject* will nevertheless be found to occupy a far 
smaller share of space than is usual in works of a similar 
character. This is an intentional protest on my part 
against, what appears to me, the unreasonable amount 
of space so frequently occupied in this way. The pages 
devoted to the ' previous literature ' only weary the 
reader, who is not wise enough to skip them, and 
involve a great and useless expenditure of time on 
the part of any writer, who is capable of something 
better than the compilation of abstracts. 

In conclusion, my best thanks are due to Drs Dohrn 
and Eisig for the uniformly kind manner in which they 
have forwarded my researches both at the Zoological 
Station in Naples, and after my return to England; 
and also to Mr Henry Lee and to the Manager and 
Directors of the Brighton Aquarium, who have 
always been ready to respond to my numerous de- 
mands on their liberality. 

To my friend and former teacher Dr Michael 
Foster I tender my sincerest thanks for the never- 
failing advice and assistance which he has given 
throughout the whole course of the work. 
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The Ripe Ovarian Ovum. 
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The ripe ovum is nearly spherical, and, after the removal 
of its capsule, is found to be unprovided with any form of 
protecting membrane. 

My investigations on the histology of the ripe ovarian ovum 
have been made with the ova of the Gray Skate (Raja baiis) 
only, and owing to a deficiency of material are somewhat 
imperfect. 

The bulk of the ovum is composed of yolk spherules, 
imbedded in a protoplasmic matrix. Dr Alexander Schultz^ 
who has studied with great care the constitution of the yolk, 
finds, near the centre of the ovum, a kernel of small yolk sphe- 
rules, which is succeeded by a zone of spherules which gradually 
increase in size as they approach the surface. But, near the 
surface, he finds a layer in which they again diminish in size 
and exhibit numerous transitional forms on the way to molecular 
yolk-granules. These Dr Schultz regards as in a retrogressive 
condition. 

Another interesting feature about the yolk is the presence 
in* it of a protoplasmic network. Dr Schultz has completely 
confirmed, and on some points enlarged, my previous observa- 
tions on this subject*. Dr Schultz's confirmation is the more 
important, since he appears to be unacquainted with my pre- 
vious investigations. In my paper (loc. cit), after giving a 
description of the network I make the following statement as 
to its distribution. 

" A specimen of this kind is represented in Plate xiii. Fig. 2, n. 
y, where the meshes of the network are seen to be finer immediately 
around the nuclei, and coarser in the intervals. The specimen 
further shews, in the clearest manner, that this network is not 
divided into areas, each representing a cell and each containing a 
nucleus. I do not know to what extent this network extends into 

1 Archiv fiir Micro. Anat, Vol. xi. 1875. 
' Quant, Joum. Micro, Science, Oct. 1874. 

B. \ 



2 RIPE OVARIAN OVUM. 

the yolk. I have never yet seen the limits of it, though it is very 
common to see the coarsest yolk-granules lying in its meshes. Some 
of these are shewn in Plate xiii. Fig. 2, y. k^ 

Dr Schultz, by employing special methods of hardening and 
cutting sections of the whole egg, has been able to shew that 
this network extends, in the form of fine radial lines, from the 
centre to the circumference; and he rightly states, that it 
exhibits no cell-like structures. I have detected this network 
extending throughout the whole yolk in young eggs, but 
have failed to see it with the distinctness which Dr Schultz 
attributes to it in the ripe ovum. Since it is my intention to 
enter fully both into the structure and meaning of this net- 
work in my account of a later stage, I say no more about it 
here. 

At one pole of the ripe ovum a slight examination demon- 
strates the presence of a small circular spot, sharply distin- 
guished from the remainder of the yolk by its lighter colour. 
Around this spot is an area which is also of a lighter colour 
than the yolk, and the outer border of which gradually shades 
into the normal tint of the yolk. If a section be made 
through this part (vide PI. I. fig. 1) the circular spot will be 
found to be the germinal vesicle, and the area around it a 
disc of yolk containing smaller spherules than the surround- 
ing parts. The germinal vesicle possessed the same structure 
in both the ripe eggs examined by me ; and, in both, it was 
situated quite on the external surface of the yolk. 

In one of my specimens it was flat above, but convex 
below ; in the other and, on the whole, the better preserved of 
the two, it had the somewhat quadrangular but rather irregular 
section represented in Pi. I. fig. 1. It consisted of a thick- 
ish membrane and its primitive contents. The membrane 
surrounded the upper part of the contents and exhibited 
numerous folds and creases (vide fig. 1). As it extended down- 
wards it became thinner, and completely disappeared at some 
little distance from the lower end of the contents. These, 
therefore, rested below on the yolk. At its circumference the 
membrane of the disc was produced into a kind of fold, forming 
a rim which rested on the surface of the yolk. 

In neither of my specimens is the cavity in the upper part 
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of the membrane filled by the contents ; and the upper part of 
the membrane is so folded and creased that sections through 
almost any portion of it pass through the folds. The regularity 
of the surface of the yolk is not broken by the germinal 
vesicle, and the yolk around exhibits not the slightest signs of 
displacement. In the germinal vesicle figured the contents 
are somewhat irregular in shape; but in my other specimen 
they form a regular mass concave above and convex below. In 
both cases they rest on the yolk, and the floor of the yolk is 
exactly moulded to suit the surface of the contents of the 
germinal vesicle. The contents have a granular aspect, but 
diflfer in constitution from the surrounding yolk. Each germi- 
nal vesicle measured about one-fiftieth of an inch in diameter. 

It does not appear to me possible to suppose that the pecu- 
liar appearances which I have drawn and described are to be 
looked upon as artificial products either of the chromic acid, in 
which the ova were hardened, or of the instrument with which 
sections of them were made. It is hardly conceivable that 
chromic acid could cause a rupture of the membrane and the 
ejection of the contents of the vesicle. At the same time the 
uniformity of the appearances in the diflferent sections, the regu- 
larity of the whole outline of the egg, and the absence of any 
signs of disturbance in the yolk, render it impossible to believe 
that the structures described are due to faults of manipulation 
during or before the cutting of the sections. 

We can only therefore conclude that they represent the 
real state of the germinal vesicle at this period. No doubt 
they alone do not supply a sufficient basis for any firm con- 
clusions as to the fate of the germinal vesicle. Still, if they 
cannot sustain, they unquestionably support certain views. The 
natural interpretation of them is that the membrane of the 
germinal vesicle is in the act of commencing to atrophy, pre- 
paratory to being extruded from the egg, while the contents of 
the germinal vesicle are about to be absorbed. 

In favour of the extinision of the membrane rather than its 
absorption are the following features, 

(1) The thickness of its upper surface. (2) The extension 
of its edge over the yolk. (3) Its position external to the yolk. 

In favour of the view that the contents will be left behind 
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and absorbed when the membrane is pushed out, are the follow- 
ing features of ray sections : 

(1) The rupture of the membrane of the germinal vesicle 
on its lower surface. (2) The position of the contents almost 
completely below the membrane of the vesicle and surrounded 
by yolk. 

In connection with this subject, Oellacher's valuable observa- 
tions upon the behaviour of the germinal vesicle in Osseous 
Fishes and in Birds at once suggest themselves \ Oellacher 
sums up his results upon the behaviour of the germinal vesicle 
in Osseous Fishes in the following way (p. 12) : 

*' The germinal vesicle of the Trout's egg, at a period when the 
egg is very nearly ripe, lies near the surface of the germinal 

dise which is aggregated together in a hollow of the yolk 

After this a hole appears in the membrane of the germtnal vesicle, 
which opens into the space between the egg-membrane and the 
germinal disc. The hole widens more and more, and the membrane 
frees itself little by little from the contents of the genninal vesicle, 
which remain behind in the form of a ball on the floor of the cavity 
formed in this way. The cavity becomes flatter and flatter and the 
contents are pushed up further and further from the germinal disc. 
When the hollow, in which lie the contents of the original germinal 
vesicle, completely vanishes, the covering membrane becomes inverted 

and the membrane is spread out on the convex surface of the 

germinal disc as a circular, investing structure. It is clear that by 
the removal of the membrane the contents of the germinal vesicle 
become lost." 

These very definite statements of Oellacher tell strongly 
against my interpretation of the appearance presented by the 
germinal vesicle of the ripe Skate's egg. Oellacher s account is 
so precise, and his drawings so fully bear out his interpretations, 
that it is very difficult to see where any error can have crept in. 

On the other hand, with the exception of those which 
Oellacher has made, there cannot be said to be any satisfactory 
observations demonstrating the extrusion of the germinal vesi- 
cle from the ovum. Oellacher has observed this definitely for 
the Trout, but his observations upon the same point in the 
Bird would quite as well bear the interpretation that the mem- 
brane alone became pushed out, as that this occurred to the 
germinal vesicle, contents and all. 

1 Archiv fur Mlcr, Anat. VoL viii. p. 1. 
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While, then, there are on the one hand Oellacher's observa- 
tions on a single animal, hitherto unconfirmed, there are on the 
other very definite observations tending to shew that the ger- 
minal vesicle has in many cases an altogether different fate. 
Gotte\ not to mention other observers before him, has in the 
case of Batrachian's eggs traced out with great precision the 
gradual atrophy of the germinal vesicle, and its final absorption 
into the matter of the ovum. 

(rotte distinguishes three stages in the degeneration of the 
germinal vesicle of Bombinator's egg. In the first stage the ger- 
minal vesicle has begun to travel up towards the surface of the 
egg. It retains nearly its primitive condition, but its contents 
have become more opaque and have partly withdrawn them- 
selves from the thin membrane. The germinal spots are still 
circular, but in some cases have increased in size. The most 
important feature of this stage is the smaller size of the germi- 
nal vesicle than that of the cavity of the yolk in which it lies, 
a condition which appears to demonstrate the commencing 
atrophy of the vesicle. 

In the next stage the cavity containing the germinal vesicle 
has vanished without leaving a trace. The germinal vesicle 
itself has assumed a lenslike form, and its borders are irresrular 
and pressed in here and there by yolk. Of the membrane of 
the germinal vesicle, and of the germinal spots, only scanty 
remnants are to be seen, many of which lie in the immediately 
adjoining yolk. 

In the last stage no further trace of a distinct germinal 
vesicle is present. In its place is a mass of very finely granular 
matter, which is without a distinct border and graduates into 
the surrounding yolk and is to be looked on as a remnant of 
the germinal vesicle. 

This careful investigation of Gotte proves beyond a doubt 
that in Batrachians neither the membrane, nor the contents of 
the germinal vesicle, are extruded from the egg. 

In Mammalia, Van Beneden' finds that the germinal vesicle 
becomes invisible, though he does not consider that it abso- 
lutely ceases to exist. He has not traced the steps of the process 

1 EntwicklungsgescMchte der Unke, 

' Becherches sur la Composition et la Signification de VCEuf, 
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with the same care as Gotte, but it is diflficult to believe that 
an extrusion of the vesicle in the way described by Oellacher 
would have escaped his notice. 

Passing from Vertebrates to Invertebrates, we find that 
almost every careful investigator has observed the disappear- 
ance, apparent or otherwise, of the germinal vesicle, but that 
very few have watched with care the steps of the process. 

The so-called Richtungskorper has been supposed to be the 
extruded renmant of the germinal vesicle. This view has been 
especially adopted and supported by Oellacher {loc. cit), and 
Flemming \ 

The latter author regards the constant presence of this body, 
and the facility with which it can be stained, as proofs of its 
connection with the germinal vesicle, which has, however, 
according to his observations, disappeared before the appear- 
ance of the Richtungskorper. 

Kleinenberg", to whom we are indebted for the most pre- 
cise observations we possess on the disappearance of the germ- 
inal vesicle, gives the following account of it, pp. 41 and 42. 

" We left the germinal vesicle as a vesicle with a distiact doubly 
contoured membrane, and equally distributed granular contents, in 

which the germinal spot had appeared The germinal vesicle 

reaches 0*06 mm. in diameter, and at the same time its contents under- 
go a separation. The greater part withdraws itself from the membrane 
and collects as a dense mass around the germinal spot, while closely 
adjoining the membrane there remains only a very thin but unbroken 
lining of the plasmoid material. The intermediate space is tilled 
with a clear fluid, but the layer which lines the membrane retains 
its connection with the mass around the germinal vesicle by means 
of numerous fine threads which traverse the spaqe filled with fluid. 

At about the time when the formation of the pseudocells in the 

e^ is completed the germinal spot undergoes a retrogressive meta- 
morphosis, it loses its circular outline and it now appears as if 
coagulated ; then it breaks up into small fragments, and I am fairly 

confident that these become dissolved. The germinal vesicle 

becomes, on the egg assuming a spherical form, drawn into an 
eccentric position towards the pole of the egg directed outwards, 
where it lies close to the surface and only covered by a very thin 
layer of plasma. In this situation its degeneration now begins, 
and ends in its complete disappearance. The granular contents 
become more and more fluid ; at the same time part of them pass 

1 Studicn in der Entwicklungsgeschichte der Najaden, Sitz, d, k, Akad, 
Wien, Bd. Lxxi. 1875. 

2 Hydra. Leipzig, 1872. 
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out through the membrane. This, which so fiir was firmly stretched, 
next collapses to a somewhat egg-like sac, whose wall is thickened 
and in places folded. 

'^ The inner mass which up to this time has remained compact 
now breaks up into separate highly refi-active bodies, of spherical 
or angular form and of very diflfereut sizes ; between them, here and 

there, are scattered drops of a fluid fat I am very much inclined 

to regard the solid bodies in question as fat or as that peculiar 
modification of albuminoid bodies which we recognise as the certain 
forerunner of the formation of fat in so many pathologically altered 
tissues; and therefore to refer the disappearance of the germinal 
vesicle to a fatty degeneration. On one occasion I believe that I 
observed an opening in the -membrane at this stage; if this is a 
normal condition it would be possible to believe that its solid con- 
tents passed out and were taken up in the surrounding plasma. 
What becomes of the membrane I am unable to say ; in any case 
the germinal vesicle has vanished to the very last trace before 
impregnation occurs." 

Kleinenberg clearly finds that the germinal vesicle disappears 
completely before the appearance of the Richtungskorper, in 
which he states a pseudocell or yolk-sphere is usually found. 

The connection between the Richtungskorper and the germi- 
nal vesicle is not a result of strict observation, and there can 
be no question that the evidence in the case of invertebrates 
tends to prove that the germinal vesicle in no case disappears 
owing to its extrusion from the egg, but that if part of it is 
extruded from the egg as Richtungskorper this, occurs when its 
constituents can no longer be distinguished from the remainder 
of the yolk. This is clearly the case in Hydra, where, as stated 
above, one of the pseudocells or yolk-spheres is usually found 
imbedded in the Richtungskorper. 

My observations on the Skate tend to shew that, in its case, 
the membrane of the germinal vesicle is extruded from the egg, 
though they do not certainly prove this. That conclusion is 
however supported by the observations of Schenk\ He found 
in the impregnated, but not yet segmented, germinal disc a 
cavity which, as he suggests, might weU have been occupied 
by the germinal vesicle. It is not unreasonable to suppose that 
the membrane, being composed of formed matter and able only 
to take a passive share in vital functions, could, without thereby 
influencing the constitution of the ovum, be ejected. 

If we suppose, and this is not contradicted by observation, 

^ Die £ier von Baja quadrimaculata, Sitz, der k, Akad, Wien, Bd. lxviii. 
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that the Richtangskdrper is either only the metamorphosed 
membrane of the germinal Teside with parts of the yolk, or part 
of the yolk alone, and assume that in Oellaeher s observations 
only the membrane and not the contents were extruded from 
the egg, it would be possible to frame a consistent account of 
the behaviour of the germinal vesicle throughout the animal 
kingdom, which may be stated in the following way. 

The germinal vesicle usually before, but sometimes imme- 
diately after impregnation undergoes atrophy and its contents 
become indistinguishable from the remainder of the egg. In 
those cases in which its membrane is very thick and resistent, 
e.g. Osseous and Elasmobranch Fishes, Birds, eta, this may be 
incapable of complete resorption, and be extruded bodily from 
the egg. In the case of most ova, it is completely absorbed, 
though at a subsequent period it may be extruded from the egg 
as the Richtungskorper. In all cases the contents of the 
germinal vesicle remain in the ovum. 

In some cases the germinal vesicle is stated to persist and 
to undergo division during the process of segmentation; but 
the observations on this point stand in need of confirmation. 

My investigations shew that the germinal vesicle atrophies 
in the Skate before impregnation, and in this respect accord 
with very many recent observations. Of these the following 
may be mentioned. 

(1) Oellaeher (Bird, Osseous Fish). (2) Gotte (Bombina- 
tor igneus). (3) Kupffer (Ascidia Canina). (4) Strasburger 
(Phallusia Mamillata). (5) Kleinenberg (Hydra). (6) Metsch- 
nikoff (Qeryonia, PolyzeDia leucostyla, Epibulia aurantiaca, and 
other Hydrozoa). 

This list is sufficient to shew that the disappearance of the 
germinal vesicle before impregnation is very common, and I 
am unacquainted with any observations tending to shew that 
its disappearance is due to impregnation. 

In some cases, e,g, Asterocanthion\ the germinal vesicle 
vanishes after the spermatozoa have begun to surround the egg ; 
but I do not know that its disappearance in these cases has 
boon shown to be duo to impregnation. To do so it would be 
noccssary to prove that in ripe eggs let loose from the ovary, but 
not fortilizod, tho germinal vesicle did not undergo the same 

^ AgasBiz, Emhryology of the Star-FUh. 
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changes as in the case of fertilized eggs ; and this, as far as I 
know, has not been done. After the disappearance of the 
germinal vesicle, and before the first act of division, a fresh 
nucleus frequently appears [ — vide — Auerbach (Ascaris nigro- 
venosa), Fol (Geryonia), Kupflfer (Ascidia canina), Strasburger 
(Phallusia mamillata), Fleming (Anodon), Gotte (Bombinator 
igneus)], which is generally stated to vanish before the appear- 
ance of the first furrow ; but in some cases (KupfFer and Gotte, 
and as studied with especial care Strasburger) it is stated to 
divide. Upon the second nucleus, or upon its relation to the 
germinal vesicle, I have no observations ; but it appears to me 
of great importance to determine whether this fresh nucleus 
arises absolutely de novo, or is formed out of the matter of the 
germinal vesicle. 

The germinal vesicle is situated in a bed of finely divided 
yolk-particles. These graduate insensibly into the coarser yolk- 
spherules around them, though the band of passage between the 
coarse and the finer yolk-particles is rather narrow. The mass 
of fine yolk-granules may be called the germinal disc. It is 
not to be looked upon as diverging in any essential particular 
from the remainder of the yolk, for the difference between the two 
is one of degree only. It contains in fact a larger bulk of active 
protoplasm, as compared with yolk-granules, than does the 
remainder of the ovum. The existence of this agreement in 
kind has been already strongly insisted on in my preliminary 
paper ; and Schultz {loc, cit) has arrived at an entirely similar 
conclusion, from his own independent observations. 

One interesting feature about the germinal (Jisc at this 
period is its size. 

My observations upon it have been made with the eggs of 
the Skate (Raja) alone ; but I think that it is not probable that 
its size in the Skate is greater than in Scyllium or Pristiurus. 
If its size is the same in all these genera, then the germinal 
disc of the unimpregnated ovum is very much greater than that 
portion of the ovum which undergoes segmentation, and which 
is usually spoken of as the germinal disc in impregnated ova. 

I have no further observation on the ripe ovarian ovum; 
and my next observations concern an ovum in which two furrows 
have already appeared. 



CHAPTER II. 

The Segmentation. 

I HAVE not been fortunate enough to obtain an absolutely 
complete series of eggs during segmentation. 

In the cases of Pristiurus and Scyllium only have I had 
any considerable number of eggs in this condition, though one 
or two eggs of Raja in which the process was not completed 
have come into my hands. 

In the youngest impregnated Pristiurus eggs, which I have 
obtained, the germinal disc was already divided intp four seg- 
ments. 

The external appearance of the blastoderm, which remains 
nearly constant during segmentation, has been already well 
described by Leydig\ 

The yolk has a pale greenish tinge which, on exposure to 
the air, acquires a yellower hue. The true germinal disc ap- 
pears as a circular spot of a bright orange colour, and is, accord- 
ing to Leydig*s measurements, IJm. in diameter. Its colour 
renders it very conspicuous, a feature which is further increased 
by its being surrounded by a narrow dark line (PL I. fig. 2), 
the indication of a shallow groove. Surrounding this line is a 
concentric space which is lighter in colour than the remainder 
of the yolk, but whose outer border passes by insensible gra- 
dations into the yolk. As was mentioned in my preliminary 
paper (J^oc, cit), and as Leydig {loc, dt) had before noticed, the 
germinal disc is .always situated at the pole of the yolk which 
is near the rounded end of the Pristiurus egg. It occupies a 
corresponding position in the eggs of both species of Scyllium 
(stellare and canicula) near the narrower end of the egg to 
which the shorter pair of strings is attached. The germinal disc 
in the youngest egg examined, exhibited two furrows which 

^ Bochen und Haie, 
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crossed each other at right angles in the centre of the disc, but 
neither of which reached its edge. These furrows accordingly 
divided the disc into four segments, completely separated from 
each other at the centre of the disc, but united near its cir- 
cumference. 

I made sections, though not very satisfactorily, of this 
germinal disc. The sections shewed that the disc was composed 
of a protoplasmic basis, in which were imbedded innumerable 
minute spherical yolk-globules so closely packed as to constitute 
nearly the whole mass of the germinal disc. 

In passing from the coarsest yolk-spheres to the fine sphe- 
rules of the germinal disc, three bands of different-sized yolk- 
particles have to be traversed. These bands graduate into one 
another and are without sharp lines of demarcation. The outer 
of the three is composed of the largest-sized yolk-spherules 
which constitute the greater part of the ovum. The middle band 
forms a concentric layer around the germinal disc, and is com- 
posed of yolk-spheres considerably smaller than those outside it. 
Where it cuts the surface it forms the zone of lighter colour 
immediately surrounding the germinal disc. The innermost 
band is formed by the germinal disc itself and is composed of 
spherules of the smallest size. These features are shewn in 
PI. I. fig. 6, which is the section of a germinal disc with twenty- 
one segments ; in it however the outermost band of spherules is 
not present. 

From this description it is clear, as has already been men- 
tioned in the description of the ripe unimpregnated ovum, that 
the germinal disc is not to be looked upon as a body entirely 
distinct from the remainder of the ovum, but merely as a part 
of the ovum in which the protoplasm is more concentrated and 
the yolk-spherules smaller than elsewhere. Sections shew that 
the furrows visible on the surface end below, as indeed they do 
on the surface, before they reach the external limit of the finely 
granular matter of the germinal disc. There are therefore at 
this stage no distinct segments: the otherwise intact germinal 
disc is merely grooved by two furrows. 

I failed to observe any nuclei in the germinal disc just 
described, but it by no means follows that they were not 
present. 
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In the next youngest of the eggs* examined the germinal 
disc was already divided into twenty-one segments. When 
viewed from the surface (PI. I. fig. 3), the segments appeared 
divided into two distinct groups — an inner group of eleven 
smaller segments, and an outer group of segments surrounding 
the former. The segments of both the inner and the outer 
group were very irregular in shape and varied considerably in 
size. The amount of irregularity is far from constant and many 
germinal discs are more regular than the one figured. 

In this case the situation of the germinal disc and its relations 
to the yolk were precisely the same as in the earlier stage. 

In sections of this germinal disc (PL I. fig. 6), the groove 
which separates it from the yolk is well marked on one side, 
but hardly visible at the other extremity of the section. 

Passing from the external features of this stage to those 
which are displayed by sections, the striking point to be noticed 
is the persisting continuity of the segments, marked out on the 
surface, with the floor of the germinal disc. 

The furrows which are visible on the surface merely form 
a pattern, but do not isolate a series of distinct segments. 
They do not even extend to the limit of the finely granular 
matter of the germinal disc. 

The section represented, PI, i, fig. 6, bears out the state- 
ments about the segments as seen on the surface. There are 
three smaller segments in the middle of the section, and two 
larger at the two ends. These latter are continuous with the 
coarser yolk-spheres surrounding the germinal disc and are not 
separated from them by a segmentation furrow. 

In a slightly older embryo than the one figured I met with 
a few completely isolated segments at the surface. These 
segments were formed by the apparent bifurcation of furrows 
as they neared the surface of the germinal disc. The segments 
thus produced are triangular in form. They probably owe their 
origin to the meeting of two oblique furrows. The last-formed 
of these furrows apparently ceases to be prolonged after meeting 
the first-formed furrow. I have not in any case observed an 
example of two furrows crossing one another at this stage. 

^ The germinal diso figured was from the egg of a Scyllium stellare and not 
Fristiaras, hut I have al»o sections of a Fristiurus egg of the same age, which 
do not differ materially from the Scyllium sections. 
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The furrows themselves for the most part are by no means 
simple slits with parallel sides. They exhibit a beaded structure, 
shewn imperfectly in PI. L fig. 6, but better in PL I. fig. 6 a, 
which is executed on a larger scale. They present intervals 
of dilatations where the protoplasms of the segments on the 
two sides of the furrow are widely separated, alternating with 
intervals where the protoplasms of the two segments are almost 
in contact and are only separated from one another by a very 
narrow space. 

A closer study of the germinal disc at this period shews 
that the cavities which cause the beaded structure of the 
furrows are not only present along the lines of the furrows 
but are also found scattered generally through the germinal disc, 
though far more thickly in the neighbourhood of the furrows. 
Their appearance is that of vacuoles, and with these they are 
probably to be compared. There can be little question that 
in the living germinal disc they are filled with fluid. In some 
cases, they are collected in very large numbers in the region 
of a furrow. Such a case as this is shewn in PI. L fig. 6 6. In 
numerous other cases they occur, roughly speaking, alternately 
on each side of a furrow. Some furrows, though not many, are 
entirely destitute of these structures. The character of their 
distribution renders it impossible to overlook the fact that these 
vacuole-like bodies have important relations with the formation 
of the segmentation furrows. 

Lining the two sides of the segmentation furrows there is 
present in sections a layer which stains deeply with colouring 
re-agents; and the surface of the blastoderm is stained in the 
same manner. In neither case is it permissible to suppose 
that any membrane-like structure is present. In many cases a 
similar very delicate, but deeply-stained line, invests the vacuo- 
lar cavities, but the fluid filling these remains quite unstained. 
When distinct segments are formed, each of these is surrounded 
by a similarly stained line. 

The yolk-spherules are so numerous, and render even the 
thinnest section so opaque, that I have failed to make satis- 
factory observations on the behaviour of the nucleus. I find 
nuclei in many of the segments, though it is very difficult even 
to see them, and only in very favourable specimens can their 
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structure be studied. In some cases, two of them lie one on 
each side of a furrow ; and in one case at the extreme end of a 
furrow I could see two peculiar aggregations of yolk-spherules 
united by a band through which the furrow, had it been con- 
tinued, would have passed. The connection (if any exists) be- 
tween this appearance and the formation of the fresh nuclei 
in the segments, I have been unable to elucidate. 

The peculiar appearances attending the formation of fresh 
nuclei in connection with cell-division, which have recently 
been described by so many observers, have hitherto escaped my 
observation at this stage of the segmentation, though I shall 
describe them in a later stage. A nucleus of this stage is 
shewn on PL l. fig. 6 c. It is lobate in form and is divided by 
lines into areas in each of which a deeply-stained granule is 
situated. 

The succeeding stages of segmentation present from the 
surface no fresh features of great interest. The somewhat 
irregular (PL l. figs. 4 and 5) circular line, which divides the 
peripheral larger from the central smaller segments, remains for 
a long time conspicuous. It appears to be the representative of 
the horizontal furrow which, in the Batrachian ovum, separates 
the smaller pigmented spheres from the larger spheres of the 
lower pole of the egg. 

As the segments become smaller and smaller, the distinction 
between the peripheral and the central segments becomes less 
and less marked ; but it has not disappeared by the time that 
the segments become too small to be seen with the simple 
lens. When the spheres become smaller than in the germinal 
disc represented on PL l. fig. 5, the features of segmentation 
can be more easily and more satisfactorily studied by means of 
sections. 

To the features presented in sections, both of the latter 
and of the earlier blastoderms, I now return. A section of 
one of the earlier germinal discs, of about the age of the one 
represented on PL I. fig. 4, is shewn in PL ii. fig. 7. 

It is clear at a glance that we are now dealing with true 
segments completely circumscribed on all sides. The peri- 
pheral segments are, as a rule, larger than the more central 
ones, though in this respect there is considerable irregularity. 
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The segments are becoming smaller by repeated division; 
but, in addition to this mode of increase, there is now going 
on outside the germinal disc a segmentation of the yolk, by 
which fresh segments are being formed from the yolk and 
added to those which already exist in the germinal disc. One 
or two such segments are seen in the act of being formed 
(PL II. fig. 7 f) ; and it is to be noticed that the furrows 
which will eventually mark out the segments, do so at first in a 
partial manner only, and do not circumscribe the whole circum- 
ference of the segment in the act of being formed. These 
fresh furrows are thus repetitions on a small scale of the earliest 
segmentation furrows. 

It deserves to be noticed that the portion of the germinal disc 
which has already undergone segmentation, is still surrounded 
by a broad band of small-sized yolk -spherules. It appeara to 
me probable that owing to changes taking place in the spherules 
of the yolk, which result in the formation of fresh spherules of 
a small size, this band undergoes a continuous renovation. 

The uppermost row of segmentation spheres is now com- 
mencing to be distinguished from the remainder as a separate 
layer which becomes progressively more distinct as segmenta- 
tion proceeds. 

The largest segments in this section measure about the 
^th of an inch in diameter, and the smallest about ^th of 
an inch. 

The nuclei at this stage present points of rather a special in- 
terest. In the first place, though visible in many, and certainly 
present in all the segments^, they are not confined to these : 
they are also to be seen, in small numbers, in the band of 
fine spherules which surrounds the already segmented part 
of the germinal disc. Those found outside the germinal disc are 
not confined to the spots where fresh segments are appearing, 
but are also to be seen in places where there are no traces of 
fresh segments. 

This fact, especially when taken in connection with the forma- 

^ In the fignre of this stage, I have inserted nuclei in aU the segments. In 
the section from which the figure was taken, nuclei were not to he seen in many 
of the segments, hut I have not a question that they were present in all of them. 
The difficulty of seeing them is, in part, due to the yolk-spherules and in part to 
the thinness of the section as compared with the diameter of a segmentation 
sphere. 
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tion of fresh segments outside the germinal disc and with other 
fects which I shall mention hereafter, is of great morphological 
interest as bearing upon the nature and homologies of the 
food-yolk. It also throws light upon the behaviour and mode 
of increase of the nuclei All the nuclei, both those of the 
segments and those of the yolk, have the peculiar structure I 
described in the last stage. 

In specimens of this stage I have been able to observe 
certain points which have an important bearing upon the be- 
haviour of the nucleus during cell-division. 

Three figures, illustrating the behaviour of the nucleus, as 
I have seen it in sections of blastoderms hardened in chromic 
acid, are shewn in PL li. figs. 7a, 76 and 7c. 

In the place of the nucleus is to be seen a sharply defined 
figure (Fig. 7 a) stained in the same way as the nucleus 
or more deeply. It has the shape of two cones placed base 
to base. From the apex of each cone there diverge to- 
wards the base a series of excessively fine striae. At the junc- 
tion between the two cones is an irregular linear series of small 
deeply stained granules which form an apparent break between 
the two. The line of this break is continued very indistinctly 
beyond the edge of the figure on each side. 

From the apex of each cone there diverge outwards into the 
protoplasm of the cell a series of indistinct markings. They are 
rendered obscure by the presence of yolk-spherules, which 
completely surround the body just described, but which are not 
arranged with any reference to these markings. These latter 
striae, diverging from the apex of the cone, are more distinctly 
seen when the apex points to the observer (Fig. 7 6), than when 
a side of the cone is in view. 

The striae diverging outwards from the apices of the cones 
must be carefully distinguished from the striae of the cones 
themselves. The cones are bodies quite as distinctly difter- 
entiated from the protoplasm of the cell as nuclei, while the 
striae which diverge from their apices are merely structures in 
the general protoplasm of the cell. 

In some cells, which contain these bodies, no trace of a com- 
mencing line of division is visible. In other cases (Fig. 7 c), 
such a line of division does appear and passes through the 
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junction of the two cones. In one case of this kind I fancied 
I could see (and have represented) a coloured circular body 
in each cone. I do not feel any confidence that these two bodies 
are constantly present; and even where visible they are very 
indistinct. 

Instead of an ordinary nucleus a very indistinctly marked 
vesicular body sometimes appears in a segment ; but whether 
it is to bo looked on as a nucleus not satisfactorily stained, 
or as a nucleus in the act of being formed, I cannot decide. 

With reference to the situation of the cone-like bodies I have 
described I have made an observation which appears to me 
to be of some interest I find that bodies of this kind are 
found in the yolk completely outside the germinal disc. I have 
made this observation, in at least two cases which admitted of 
no doubt (vide Fig. 7 nx). 

We have therefore the remarkable fact, that whatever 
connection these bodies may have with cell-division, they can 
occur in cases where this' is altogether out of the question and 
where an increase in the number of nuclei can be their only 
product. 

These are the main facts which I have been able to de- 
termine with reference to the nuclei of this stage; but it will 
conduce to clearness if I now finish what I have to say upon 
this subject. 

At a still later stage of segmentation the same peculiar 
bodies are to be seen as during the stage just described, but 
they are rarer; and, in addition to them, other bodies are to be 
seen of a character intermediate between ordinary nuclei and 
the former bodies. 

Three such are represented in PI. ii. figs. 8 a, 86, 8 c. In all 
of these there can be traced out the two cones, which are however 
very irregular. The striation of the cones is still present, but 
is not nearly so clear as it was in the earlier stage. 

In addition to this, there are numerous deeply stained 
granules scattered about the two figures which resemble exactly 
the granules of typical nuclei. 

All these bodies occupy the place of an ordinary nucleus, 
they stain like an ordinary nucleus and are as sharply defined 
as an ordinary nucleus. 

B. kt 2 
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There Is present around some of these, especially those 
situated in the yolk, the network of lines of the yolk de- 
scribed by me in a preliminary paper*, and I feel satisfied that 
there is in some cases an actual connection between the net- 
work and the nuclei. This network I shall describe more fully 
hereafter. 

Further points about these figures and the nuclei of this 
stage I should like to have been able to observe more com- 
pletely than I have done, but they are so small .that with the 
highest powers I possess (Zeiss, Immersion No. 2 = -^ in.) their 
complete and satisfactory investigation is not possible. 

Most of the true nuclei of the cells of the geiminal disc 
are regularly rounded; those however of the yolk are fre- 
quently irregular in shape and often provided with knob-like 
processes. The gradations are so complete between typical 
nuclei and bodies like that shewn (PL IL fig. 8 c) that it 
is impossible to refuse the name of nucleus to the latter. 

In many cases two nuclei are present in one cell. 

In later stages knob-like nuclei of various sizes are scattered 
in very great numbers in the yolk around the blastoderm (vide 
PL III. IV. v.). In some cases it appears to me that several of 
these are in close juxta-position, as if they had been produced by 
the division of one primitive nucleus. I do not feel absolutely 
confident that this is the case, owing to the fact that in the 
investigation of a knobbed body there is great difficulty in 
ascertaining that the knobs, which appear separate in one plane, 
are not in reality united in another. 

I have, in spite of careful search, hitherto failed to find 
amongst these later nuclei cone-like figures, similar to those I 
found in the yolk during segmentation. This is the more remark- 
able since in the early stages of segmentation, when very few 
nuclei are present in the yolk, the cone-like figures are not un- 
common; whereas, in the latter stages of development when 
the nuclei of the yolk are very common and obviously increas- 
ing rapidly, such figures are not to be met with. 

In no case have I been able to see a distinct membrane 
round any of the nuclei. 

I have hitherto attempted to describe the appearances 

1 Xoc. eiU 
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4)eari&g on th6 behaviour of the nuclei i|i as objective a manner 
as possible. 

My observations are not as complete as could be desired; 
but, taken in conjunction with those of other investigators, they 
appear to me to point towards certain definite conclusions with 
reference to the behaviour of the nucleus in cell-division. 

The most important of these conclusions may be stated as 
follows. In the act of cell-division the nuclei of the resulting 
cells are formed from the nucleus of the primitive cell 

This may occur; — 

(1) By the complete solution of the old nucleus within the 
protoplasm of the mother cell and the subsequent reaggregation 
of its matter to form the nuclei of the freshly formed daughter 
cells, 

(2) By thp simple division of the nucleus, 

(3) Or by a process intermediate between these two where 
part of the old nucleus passes into the general protoplasm and 
part remains always distinguishable and divides; the fresh 
nucleus being in this case formed from the divided parts as well 
as from the dissolved parts of the old nucleus. 

Included in this third process it is permissible to suppose 
that we may have a series of all possible gradations between 
the extreme processes 1 and 2. If it be admitted, and the 
evidence we have is certainly in favour of it, that in some 
cases, both in animal and vegetable cells, the nucleus itself 
divides during cell-division, and in others the nucleus com- 
.pletely vanishes during the cell-division, it is more reasonable 
to suspect the existence of some connection between the two 
processes, than to suppose that they are entirely different in kind. 
Such a connection is given by the hypothesis I have just proposed. 

The evidence for this view, derived both from my own 
observations and those of other investigators, may be put as 
follows. 

The absolute division of the nucleus has been stated to 
occur in animal cells, but the number of instances where the 
evidence is quite conclusive are not very numerous. Recently 
F. E. Schultze * appears to have observed it in the case of an 
Amoeba in an altogether satisfactory manner. The instance is 

^ Archiv f. Micr, Anat, xi. p. 692. 

2—2 
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<luoted by Flemming*. Schultze saw the nucleus assume a 
dumb-bell shape, divide, and the two halves collect themselves 
together. The whole process occupied a minute and a half and 
was shortly followed by the division of the Amceba, which occu- 
pied eight minutes. Amongst vegetable cells the division of the 
nucleus seems to be still rarer than with animal cells. Sachs' 
admits the division of the nucleus in the case of the paren- 
x^hyma cells of certain Dicotyledons (Sambucus, Helianthus, 
Lysimachia, Polygonum, Silene) on the authority of Hanstein. 

The division of the nucleus during cell-division, though 
seemingly not very common, must therefore be considered as 
a thoroughly well authenticated occurrence. 

The frequent disappearance of the nucleus during cell- 
division is now so thoroughly recognised, both for animal and 
vegetable cells, as to require no further mention. 

In many cases the partial or complete disappearance of the 
nucleus is accompanied by the formation of two peculiar star- 
like figures. Appearances of the kind have been described by 
Fol*, Flemming*, Auerbach' and possibly also Oellacher* as 
well as other observers. 

These figures^ are possibly due to the streaming out of 
the protoplasm of the nucleus into that of the cell I The 

^ Eniwicklungsgesehichte der NajadeUt lxzi. Bd. der Sitz. der k» Akad. Wien, 
1875. 

■ Text-Book of Botany, English trans, p. 19. 

* Fntw* d, Geryonideneies, Jenaitche Zeitschriftt Bd. vix. 

* Loc. eit. 

' OrganologUche Studien, Zweites Heft. 

* Beitrdge z, Entvncklungsgeschichte der Knoehenfitehen: ZeiU fur WUi. Zoo* 
logic. Bd. xxii. 1872. 

f The memoirs of Anerbach and Strasburger {Zellbildung w. Zelltheilung) 
have nnfortunately come into my hands too late for me to take advantage of 
them. Especially in the magnificent monograph of Strasburger I find drawings 
precisely resembling those from my specimens already in the hands of the 
engraver. Strasburger comes to the conclusion from his investigations that the 
modified nucleus always divides and never vanishes as is usually stated. If his 
views on this point are correct part of the hypothesis I have suggested above 
is rendered tmnecessary. The strisB of the protoplasm, which in accordance 
with Auerbach's view I have considered as being due to a streaming out of the 
matter of the nucleus, he regards as resulting from a polarity of the particles 
in the cell and the attraction of the nucleus. My own investigations though, 
as far as they go, quite in accordance with those of Strasburger, do not supply 
any grounds . for deciding on the meaning of these stnse ; and in some re- 
spects they support Strasburger's views against those of other observers, since 
they demonstrate that in Elasmobranchs the modified nucleus does actually 
divide. 

s This is the Tiew which has been taken by Anerbach (Organologische 
Studien), 
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appearance of striation may on this hypothesis be explained 
as due to the presence of granules in the protoplasm. When 
the streaming out of the protoplasm of a nucleus into that of 
a cell takes place, any large granule \7hich cannot be moved by 
the stream will leave behind it a slack area where there is no 
movement of the fluid. Any granules which are carried into 
this area will remain there, and by the continuation of a pro- 
cess of this kind a row of granules may be formed, and a series 
of such rows would produce an appearance of striation. In 
many cases, e.g, Anodon, vide Flemming*, even the larger yolk- 
spherules are arranged in this fashion. 

On the supposition that the striation of these figures is 
due to the outflow from the nucleus, the appearances presented 
in Elasmobranchs admit of the following explanation. 

The central body consisting of two cones (Figs. 7a, 7c) is almost 
without question the remnant of the primitive nucleus. This 
is shewn by its occupying the same position as the primitive 
nucleus, staining in the same way, and by there being a series 
of insensible gradations between it and a typical nucleus. The 
contents must be supposed to be streaming out from the two 
apices of the cones, as appears from the striae in the body con- 
verging on each side towards the apex, and then diverging 
again from it. In iny specimens the yolk-spherules are not 
arranged with any reference to the radiating striation. 

It is very likely that in the cases of the disappearance 
of the nucleus, its protoplasm streams out in two directions, 
towards the two parts of the cell which will eventually become 
separated from each other; and probably, after the division, the 
matter of the old nucleus is again collected to form two fresh 
nucleL 

In some cases of cell-division a remnant of the old nucleus is 
stated to be visible after the fresh nuclei have appeared. These 
cases, of which I have not seen full accounts, are perhaps 
analogous to what occasionally happens with the germinal 
vesicle of an ovum. The whole of the contents of the germinal 
vesicle become at its disappearance mingled with the proto- 
plasm of the ovum, but the resistent membrane remains and 
is eventually ejected from the egg, vide p. 3 et seq. If the 

^ Loe, cit. 



22 SEGMENTATION. 

renmant of the old nucleus in the cases described is nothing 
more than its membrane, no difficulty is offered to the view 
that the constituents of the old nucleus may help to form the 
new ones. 

In many cases the total bulk of the new nuclei is greater 
than that of the old one; in such instances part of the proto- 
plasm of the cell necessarily has a share in forming the new 
nuclei. 

Although, in instances where the nucleus vanishes, an abso- 
lute demonstration of the formation of the fresh nuclei from the 
matter of the old one is not possible; yet, if cases of the division 
of the old nucleus to form the new ones be admitted to exist, 
the derivation in the first process of the fresh nuclei from the 
old ones must be postulated in order to maintain a continuity 
between the two processes of formation; and, as I have at- 
tempted to shew, all the circumstantial evidence is in favour of it. 

Admitting the existence of the two extreme processes of nu- 
clear formation, I wish to shew that my results in Elasmobranchs 
tend to demonstrate the existence of intermediate steps be- 
tween Ihem. The first figures I described of two opposed cones, 
appear to me almost certainly to represent nuclei in the act of 
dissolution; but though a portion of the nucleus may stream 
out into the yolk, I think it impossible that the whole of it 
does\ 

I described these bodies in two states. An earlier one, in 
which the two cones were separated by an iiTOgular row of 
deeply stained granules ; and a later one in which a furrow had 
already appeared dividing the cones as well as the cell. In 
neither of these conditions could I see any signs of the body 
vanishing completely. It was as clearly defined and as deeply 
stained as an ordinary nucleus, and in its later condition the 
signs of the streaming out of material from its pointed extremi- 
ties were less marked than in the earlier stage. 

All these facts, to my mind, point to the view that 
these cone-like bodies do not disappear, but form the basis 
for the new nuclei. Possibly the body visible in each cone 

1 After Strasbnrger's observation it must be considered very donbtfol whether 
the streaniing out of the contents of the nucleus, in the manner implied in the 
text, refdly t^es place. 
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in the later stage, was the commencement of this new 
nucleus. Gotte^ has figured structures somewhat similar to 
these bodies^ but I hardly understand either his figure or his 
account sufficiently clearly to be able to pronounce upon the 
identity of the two. In case they are identical^ Gotte gives a 
very different explanation of them from my own*. 

A second of my results, which points to a series of inter- 
mediate steps between division and solution of the nucleus, is 
the distribution in time of the peculiar cone-like bodies. These 
are present in fair abundance at an early period of segmen- 
tation, when there are but few nuclei either in the blastoderm 
or the yolk. But at later periods, when there are both more 
nuclei, especially in the yolk, and they are also increasing in 
numbers more rapidly than before, no bodies of this kind are 
to be seen. This fact becomes the more striking from the 
lobate appearance of the later nuclei of the yolk, an appearance 
which exactly suits the hypothesis of the rapid budding off of 
fresh nucleL 

The observations of R Hertwig* on the gemmation of Podch 
phrya Gemmipara, support my interpretation of the knobbed 
condition of the nucleL Hertwig finds (p. 47) that 

The horse-shoe shaped nucleus grows out into immeroua 
anastomosing projectiona Over the free ends of the prelections little 
knohs appear on the surfeu^ of the body, into whidb the lengthening 
ends of the processes of the nucleus grow up. Here they bend 
themselves into a horse-shoe form. The newly-formed nucleus then 
separates from the original nucleuB, and afterwards the bud contain- 
ing it from the body. 

From the peculiar arrangement of the net-work of lines of 
the yolk around these knobbed nuclei, it is reasonable to con- 
clude that interchange of material between the protoplasm of 
the yolk and the nuclei is still taking place, even during the 
later periods. 

These facts about the distribution in time of the cone-like 

^ Entmeklungsgeschichte der Unke, PL i. fig. 18. 

* As I before mentioned, Strasbnrger (Zellbildung u. ZeUtheilung) has repre- 
sented bodies precisely similar to those I have described, which appear during 
the segmentation in the egg of Phallusia Mammillata as weU as similar figmres 
observed by Bntschli in eggs of Cucullanus elegans and Blatta Germanica. The 
figures in this monograph are the only ones I have seen, which are identical 
with my own. 

' Morpho1offi9ehe$ Jakrbuch, Bd. i. pp. 46, 47. 
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bodies afford a strong presumptive evidence of a change in the 
manner of nuclear increase. 

The last argument I propose urging on this head is derived 
from the bodies (PL II. fig. 8 a, b, c) which I have described as 
intermediate between the true cone-like bodies and typical 
nuclei. They' appear to afford evidence of less and less of the 
matter of the nucleus streaming out into the yolk and of a 
large proportion of it becoming divided. 

The conclusion to be derived from all these facts is that 
for Elasmobranchs in the earlier stages of segmentation^ and 
during the formation of fresh segments, a partial solution of 
the old nucleus takes place, but all its constituents serve for 
the reconstruction of the fresh nuclei. 

In later periods of development a still smaller part of the 
nucleus becomes dissolved, and the rest divides; but the two 
fresh nuclei are still derived from the two sources. After the 
close of segmentation the fresh nuclei are formed by a simple 
division of the older ones. 

The appearance of the cone-like bodies in the yolk outside 
the germinal disc is a point of some interest. It demonstrates 
in a conclusive manner that whatever influence (if any) the 
nucleus may have in ordinary cases of cell division, yet it may 
undergo changes of a precisely similar character to those which 
it experiences during cell division, without exerting any influence 
on the surrounding protoplasm \ If the lobate nuclei are also 
nuclei undergoing division, we have in the egg of an Elasrao- 
branch examples of all the known forms of nuclear increase 
unaccompanied by cell division. 

The next stage in the segmentation does not present so 
many features of interest as the last one. The segments are 
now so small, as to be barely visible from the surface with a 
simple lens. A section of an embryo of this stage is repre- 
sented in PL II. fig. 8. The section, which is drawn on the 

1 Strasburger's {loc, cit.) argnments about the influence of the nucleus in 
cell division are not to my mind conclusive; though not without importance. 
It is diiiicult to reconcile his views with the facts of cell division observable 
during the Elasmobranch segmentation; but even if their truth be admitted they 
do not bring us much nearer to a satisfactory understanding of cell division, un- 
le^s accompanied (and at present they are not so) by a rational explanation of 
the forces which produce the division of the nucleus. 



DEVELOPMENT OF ELASMODRANCH FISHES. 25 

9 

same scale as the section belonging to the last stage, serves 
to shew the relative size of the segments in the two cases. 

The epiblast is now more distinct than it was. The seg- 
ments composing it are markedly smaller than the remainder 
of the cells of the germinal disc, but possess nuclei of an abso- 
lutely larger size than do the other cells. They are irregular 
in shape, with a slight tendency to be columnar. An average 
segment of this layer measures about j^-^ inch. 

The cells of the lower layer are more polygonal than 
those of the epiblast, and are decidedly larger. An average 
specimen of the larger cells of the lower layer measures about 
-^ in. in diameter, and is therefore considerably smaller than 
one of the smallest cells of the last stage. The formation of 
fresh segments from the yolk still continues with fair rapidity, 
but nearly comes to an end shortly after this. 

Of the nuclei of the lower layer cells, there is not much 
to add to what has already been said. Not infrequently two 
nuclei may be observed in a single cell 

The nuclei in the yolk which surrounds the germinal disc 
are more numerous than in the earlier periods, and are now 
to be met with in fair numbers iu every section (Fig. 8 n). 

These are the main features which characterise the present 
stage, they are in all essential points similar to those of the 
last stage, and the two germinal discs hardly differ except in 
the size of the segments of which they are composed. 

In the last stage which I consider as belonging to the 
segmentation, the cells of the whole blastoderm have become 
smaller (PL ii. fig. 9). 

The epiblast {ep) now consists of a very marked layer of 
columnar cells. It is, as far as I have been able to observe, 
never more than one cell deep. The cells of the lower layer 
are of an approximately uniform size, though a few of those at 
the circumference of the blastoderm considerably exceed the 
remainder in the bulk. 

There are two fresh features of importance in germinal 
discs of this age. 

Instead of being but indistinctly separated from the sur- 
rounding yolk, the blastoderm has now very clearly defined 
limits. 



V 
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This is an especially marked feature of preparations made; 
with osmic acid. In these there may frequently be seen a 
deeply stained doubly contoured line, which forms the limit of 
the yolk, where it surrounds the germinal disc. Lines of this 
kind are often to be seen on the surface of the yolk, or even 
of the blastoderm, but are probably to be regarded as products 
of reagents, rather than as organised structures. The outline 
of the germinal disc is well rounded, though it is occasionally 
broken, from the presence of a larger cell in the act of being 
formed from the yolk. 

It is not probable that any great importance is to be at- 
tached to the comparative distinctness of the outline of the 
germinal disc at this stage, which is in a great measure due 
to a cessation in the formation of fresh cells in the surround- 
ing yolk, and in part to the small and -comparatively uniform 
size of the cells of the germinal disc. 

The formation of fresh cells from the yolk nearly comes to 
an end during this period, but it still continues on a small scale. 

The number of the nuclei around the germinal disc has 
increased. 

Another feature of interest which first becomes apparent 
during this stage is the asymmetry of the germinal disc. If a 
section were made through the germinal disc, as it lay in situ in 
the egg capsule, parallel or nearly so to the long axis of the 
capsule, one end of the section would be found to be much 
thicker than the other. There would in fact be a far larger 
collection of cells at one extremity of the germinal disc than at 
the other. The end at which this collection of cells is formed 
points towards the end of the egg capsule opposite to that near 
which the yolk is situated. This collection of cells is the first' 
trace of the embryo; and with its appearance the segmentation 
may be supposed to terminate. 

The section I have represented, though not quite parallel to 
the long axis of the egg, is sufficiently nearly so to shew the 
greater mass of cells at the embryonic end of the germinal disc. 

This very early appearance of a distinction in the germinal 
disc between the extremity at which the embryo appears and 
the non-embryonic part of the disc, besides its inherent interest, 
has a further importance from the fact that in Osseous Fishes 
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a similar occurrence takes placjo. Oellacber^ and Gotte' both 
agree as to the very early period at which a thickening of one 
extremity of the blastoderm in Osseous Fishes is formed, which 
serves to indicate the position at which the embryo will appear. 
There are many details of development in which Osseous Fish 
and Elasmobranchs agree, which^ although if taken individually 
are without any great importance, yet serve to shew how long 
even insignificant features in development may be retained. 

The segmentation of the Elasmobranch egg presents in most 
of its features great regularity, and exhibits in its mode of 
occurrence the closest resemblance to that in other meroblastic 
vertebrate ova. 

There is, nevertheless, one point with reference to which a 
slight irregularity may be observed. In almost all eggs seg- 
mentation commences by, what for convenience may be called, 
a vertical furrow which is followed by a second vertical furrow 
at right angles to the first. The third furrow however is a 
horizontal one, and cuts the other two at right angles. This 
method of segmentation must be looked on as the normal 
one, in almost all the important groups of the animal king- 
dom, both for the so-called holoblastic and meroblastic eggs, 
and the gradations intermediate between the two. The Frog 
amongst vertebrates exhibits a most typical instance of this 
form of segmentation. 

In Elasmobranchs the first two furrows are formed in a per- 
fectly normal manner, but though I have not observed the 
actual formation of the next furrow, yet from the later stages, 
which I have observed, I conclude that it is parallel to one of 
the first formed furrows ; and it is fairly certain that, not till a 
considerably later period, is a furrow homologous with the hori- 
zontal furrow of the Batrachian egg formed. This furrow 
appears to be represented in the Elasmobranch segmentation 
by the irregular circumscription of a body of central smaller 
spheres from a ring of peripheral larger ones (vide PL i. 
figs. 3, 4 and 5). 

In the Bird the representative of the horizontal furrow 

1 ZeiUchrift fllr WUs. Zoologie, Bd. xxin. 1873. 
■ Archiv fUr Micr, Anat, Bd. ix. 1873. 
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appears relatively mUch earlier. It is formed when there are 
eight segmeats marked out on the surface of the germinal 
disc^. From Oellacher's' account of the segmentation in the 
fowl' it seems certain, as might be anticipated, that this furrow 
is nearly parallel to the surface of the disc, so that it cuts the 
earlier formed vertical furrows and causes the segments of the 
germinal disc to be completely circumscribed below as well as 
at the surface. In the Elasmobranch egg this is not the case; 
so that, even after the smaller central segments have become 
separated from the outer ring of larger ones, none of the seg- 
ments of the disc are completely circumscribed, and only appear 
to be so in surface views (vide PL I. fig. 6). Segmentation in 
the Elasmobranch egg dififers in the following particulars from 
that in the Bird's egg : 

(1) The equivalent of the horizontal furrow of the Batra- 
chian egg appears much later than in the Bird. 

(2) When it has appeared it travels inwards much more 
slowly. 

As a result of these differences, the segments of the 
germinal disc of the Birds' eggs are much earlier circumscribed 
on all sides than those of the Elasmobranch egg. 

As might be expected, the segmentation of the Elasmobranch 
egg resembles in many points that of Osseous Fishes (vide 
Oellacher* and Klein*). It may be noticed, that with Osseous 
as with Elasmobranch Fishes, the furrow corresponding with the 
horizontal furrow of the Amphibian's egg does not appear at 
as early a period as is normal. The third furrow of an Osseous 
Fish egg is parallel to one of the first formed pair. 

In Oellacher's' figures, PI. xxiii. fig. 19—21, peculiar 
headings of the sides of the earlier formed furrows are dis- 
tinctly shewn. No mention of these is made in the text, but 
they are unquestionably similar to those I have described in 
the Elasmobranch furrows. In the case of Elasmobranchs I 

1 Vide Elements of Embryology, p. 23. 
' « Strieker's Studien, 1869, Pt. i, PI. ii. fig. 4. 

» Unfortunately Professor Oellacher gives no account of the surface appear- 
ances of the germinal discs of which he describes the sections. It is therefore 
uncertain to what period his sections belong. 

* Zeitschriftfur Wiss, Zool. Bd. xxii. 1872. 

c Monthly Microscopical Journal, March, 1872. 

® Loc, eit. 
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pointed out tbat not only were the sides of the furrow beaded, 
but that there appeared in the protoplasm, close to the furrows, 
peculiar vacuole-like cavities, precisely similar to the cavities 
which were the cause of the headings of the furrows. 

The presence of these seems to shew that the molecular 
cohesion of the protoplasm becomes, as compared with other 
parts, much diminished in the region where a furrow is about 
to appear, so that before the protoplasm finally gives way along 
a particular line to form a furrow, its cohesion is broken at 
numerous points in this region, and thus a series of vacuole- 
like spaces is formed. 

If this is the true explanation of the formation of these 
spaces, their presence gives considerable support to the views 
of Dr Kleinenberg upon the causes of segmentation, so clearly 
and precisely stated in his monograph upon Hydra; and is 
opposed to any view which regards the forces which come into 
play during segmentation as resident in the nucleus. 

I have not observed the peculiar threads of protoplasm 
which Oellacher* describes as crossing the commencing seg- 
mentation furrows. I have also failed to discover any signs of 
a concentration of the yolk-spherules, round one or two cen- 
tres, in the segmentation spheres, similar to that observed by 
Oellacher in the segmenting eggs of Osseous Fish. The ap- 
pearances observed by him are probably connected with the 
behaviour of the nucleus during segmentation, and are related 
to the curious bodies I have already described. 

With reference to the nuclei which Oellacher* has described 
as occurring in the eggs of Osseous Fish during segmentation, 
there can, I think, be little doubt that they are identical with 
the peculiar nuclei in the Elasmobranch eggs. 

He* says: 

In an unsegmented germ there occurred at a certain point 

in the section a small aggregation of round bodies. I do not 

feel satisfied whether these aggregations represent one or more 
nuclei 

Fig. 29 shews such aggregation; by focusing at its optical sec- 
tion eleven unequally large rounded bodies measuring from 0.004 

^ Loe. eit, 
' Loe. eit, 
* Loe. eit. p. 410, 411, Ae. 
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— 0.009 Mm, may be distinguished. They lay as if in a multi-loctilar 
gap in the germ mass, which however they did not quite filL In 
each of these bodies there appeared another but far smaller body. 
These aggregations were distinguished from the germ by an especially 
beautiful intense violet gold chloride colouration of their elements. 
The smaller elements contained in the larger were still more in- 
tensely coloured than the larger. 

He further states that these aggregations equal the 
eegmenis in number, and that the small bodies within the 
elements are not always to be seen with the same distinct- 
ness. 

Oellacher's description as well as his figures of these bodies 
leaves no doubt in my mind that they are exactly similar bodies 
to those which I have already spoken of as nuclei, and the 
characteristic features of which I have shortly mentioned, and 
shall describe more fully at a later stage. A moderately full 
description of them is to be found in my preliminary paper*. 

Their division into a series of separate areas each with a 
deeply-stained body, as well as the staining of the whole of them, 
exactly corresponds to what I have found. That each is a single 
nucleus is quite certain, though their knobbed form might 
occasionally lead to the view of their being divided. This 
knobbed condition, observed by Oellacher as well as myself, 
certainly supports the view, that they are in the act of budding 
oflf fresh nuclei. Oellacher conceives, that the areas into which 
these nuclei are divided represent a series of separate bodies — 
this according to my observations is not the case. Nuclei of the 
same form have already been described in Nephelis, and are 
probably not very rare. They pass by insensible gradations into 
ordinary nuclei with numerous granules. 

One marked feature of the segmentation of the Elasmobranch 
egg is the continuous advance of the process of segmentation 
into the yolk and the assimilation of this into the germ by 
the direct formation of fresh segments out of it. Into the 
significance of this feature I intend to enter fully hereafter; but 
it is interesting to notice that Oellacher's descriptions point to 
a similar feature in the segmentation of Osseous Fish, This 
however consists chiefly in the formation of fresh segments 

1 Loc. Hi, p. 416. 
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from the lower parts of the germinal disc which in Osseous Fish 
is more distinctly marked off from the food-yolk than in 
Elasmobranchs. 

I conclude my description of the segmentation by a short 
account of what other investigators have written about its 
features in these fishes. One of the earliest descriptions of 
this process was given by Leydig\ To his description of the 
germinal disc, I have already done full justice. 

In the first stage of segmentation which he observed 20 — 30 
segments were already visible on the surface. In each of these 
he recognised a nucleus but no nucleolus. 

He rightly states that the segments have no membrane, and 
describes the yolk-spherules which fill them. 

The next investigator is Gerbe". I have unfortunately been 
unable to refer to this elaborate paper, but I gather from an 
abstract that M. Gerbe has given a careful description of the 
external features of segmentation. 

Schenk' has also made important investigations on the sub- 
ject. He considers that the ovum is invested with a very 
delicate membrane. This membrane I have failed to find a 
trace of, and agree with Leydig* in denying its existence. 
Schenk further found that after impregnation, but before seg- 
mentation, the germinal disc divided itself into two layers, 
an upper and a lower. Between the two a cavity made its 
appearance which Schenk looks upon as the segmentation 
cavity. Segmentation commences in the upper of the two 
layers, but Schenk does not give a precise account of the 
fate of the lower. I have had no opportunity of investigating 
the impregnated ovum before the commencement of segmen- 
tation, but my observations upon the early stages of this 
process render it clear that no division of the germinal disc 
exists subsequently to the commencement of segmentation, and 
that the cavity discovered by Schenk can have no connection 

^ RoeTien u. Hale. It is here mentioned that Coste observed the segmenta- 
tion in these fishes. 

* Becherches sur la segmentation des products adventifs de Votuf des PlagioS" 
tomes et particulidrement des Rates, Bobin, Journal de VAnatomie et de la 
Physiologie, p. 609, 1872. 

' Die Eier von Raja quadrimaculata innerhalb der Eileiter, 8itz, der k, 
Akad. Wien, Vol. Lxxin. 1873. 

^ Loc. cit. My denial of the existence of this membrane naturally applies 
only to the egg after impregnation, and to the genera Scylliom and Pristiimui. 
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whatever with the segmentation cavity. I am indeed inclined 
to look upon this cavity as an artificial product. I have myself 
met with somewhat similar appearances, after the completion 
of segmentation, which were caused by the non-penetration of 
my hardening reagent beyond a certain point. 

Without attempting absolutely to explain the appearances 
described by Professor Schenk, I think that his observations 
ought to be repeated, either by himself or some other compe- 
tent observer. 

Several further facts are recorded by Professor Schenk in 
his interesting paper. He states that immediately after im- 
pregnation, the germinal disc presents towards the yolk a 
strongly convex surface, and that at a later period, but still be- 
fore the commencement of segmentation, this becomes flattened 
out. He has further detected amoeboid movements in the disc 
at the same period. As to the changes of the germinal disc during 
segmentation, his paper contains no facts of importance. 

Next in point of time to the paper of Schenk, is my own 
preliminary account of the development of the Elasmobranch 
Fishes*. In this a large number of the facts here described in 
full are briefly alluded to. 

The last author who has investigated the segmentation in 
Elasmobranchs, is Dr Alexander Schultz". He merely states 
that he has observed the segmentation, and confirms Professor 
Schenk's statements about the amoeboid movements of the 
germinal disc. 

^ Loc. ciU 

' Die Embryonal Anlage der Selachier, Vorlaufige Mittheilung, Centralhlattf, 
Med. WUs. No. 33, 1876. 



CHAPTER III. 

FoiiMATION OF THE LAYERS. 

In the last chapter the blastoderm was left as a solid lens- 
shaped mass of cells, thicker at one end than at the other, 
its uppermost row of cells forming a distinct layer. There 
very soon appears in it a cavity, the well known segmenta- 
tion cavity, or cavity of von Baer, which arises as a small space 
in the midst of the blastoderm, near its non-embryonic end (PL 
ni. fig. 1). 

This condition of the segmentation cavity, though already* 
described, has nevertheless been met with in one case only. 
The circumstance of my having so rarely met with this con- 
dition is the more striking because I have cut sections of a 
considerable number of blastoderms in the hope of encountering 
specimens similar to the one figured, and it can only be explained 
on one of the two following hypotheses. Either the stage is 
very transitory, and has therefore escaped my notice except 
in the one instance ; or else the cavity present in this instance 
is not the true segmentation cavity, but merely some abnormal 
structure. That this latter explanation is a possible one, appears 
from the fact that such cavities do at times occur in other 
parts of the blastoderm. Dr Schultz' does not mention having 
found any stage of this kind. 

The position of the cavity in question, and its general ap- 
pearance, incline me to the view that it is the segmentation 
cavity*. If this is the true view of its nature the fact should be 
noted that at first its floor is formed by the lower layer cells 
and not by the yolk, and that its roof is constituted by both the 

1 Qy. Journal of Microsc. Science^ Oct. 1874. 

« Centr.f. Med. WUs. No. 38, 1876. 

8 Professor Bambeke {Poissons Osseux, M€m. Acad, Belgique 1875) describes 
a cavity in the blastoderm of Lenciscns rutilns, which he regards as the true 
segmentation cavity, but not as identical with the segmentation cavity of 
Osseous Fishes, usually so called. Its relations are the same as those of my 
segmentation cavity at this stage. This paper came into my hands at too late 
a period for me to be able to do more than refer to it in this place. 

B. 3 
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lower layer cells and the epiblast cells. The relations of the 
floor undergo considerable modifications in the course of de- 
velopment. 

The other features of the blastoderm at this stage are very 
much those of the previous stage. 

The embryonic swelling is very conspicuous. The cells of 
the blastoderm are still disposed in two layers : an upper one 
of slightly columnar cells one deep, which constitutes the epi- 
blast, and a lower one consisting of the remaining cells of the 
blastoderm. 

An average cell of the lower layer has a diameter of about 
•^ inch, but the cells at the periphery of the layer are in some 
cases considerably larger than the more central ones. All the 
cells of the blastoderm are still completely filled with yolk 
spherules. In the yolk outside the peculiar nuclei^ before 
spoken of, are present in considerable numbers. They seem to 
have been mistaken by Dr Schultz^ for cells: there can 
however be no question that they are true nuclei. 

In the next stage the relations of the segmentation cavity 
undergo important modifications. 

The cells which form its floor disappear almost com- 
pletely from that position, and the floor becomes formed by 
the yolk. 

The stage, during which the yolk serves as the floor of the 
segmentation cavity, extends over a considerable period of time, 
but during it I have been unable to detect any important 
change in the constitution of the blastoderm. It no doubt 
gradually extends over the yolk, but even this growth is not 
nearly so rapid as in the succeeding stage. Although therefore 
the stage I proceed to describe is of long continuance, a blasto- 
derm at the beginning of it exhibits, both in its external and 
in its internal features, no important deviations from one at 
the end of it. 

Viewed from the surface (PI. VI. fig. A) the blastoderm 
at this stage appears slightly oval, but the departure from 
the circular form is not very considerable. The long axis of 
the oval corresponds with what eventually becomes the 
long axis of the embryo. From the yolk the blastoderm is 

1 Loe, cit. 
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still well distinguislied by its darker colour; and it is sur- 
rounded by a concentric ring of light-coloured yolk, the outer 
border of which shades insensibly into the normal yolk. 

At the embryonic portion of the blastoderm is ^ slight 
swelling, clearly shown in Plate Vl. fig. A, which can easily 
be detected in fresh and in hardened embryos. This swelling is 
to be looked upon as a local exaggeration of a slightly raised 
rim present around the whole circumference of the blastoderm. 
The roof of the segmentation cavity (fig. A, $, c.) forms a second 
swelling; and in the fresh embryo this region appears of a 
darker colour than other parts of the blastoderm. 

It is difficult to determine the exact shape of the blasto- 
derm, on account of the traction exercised upon it in opening 
the egg ; and no reliance can be placed on the forms assumed 
by hardened blastoderms. This remark also applies to the 
sections of blastoderms of this stage. There can be no doubt 
that the minor individual variations exhibited by almost 
every specimen are produced in the course of manipulations 
while the objects are fresh. These variations may affect even 
the relative length of a particular region and certainly the 
curvature of it. The roof of the segmentation cavity is es- 
pecially apt to be raised into a dome-like form. 

The main internal feature of this stage is the disappearance 
of the layer of cells which, during the first stage, fonned the 
floor of the segmentation cavity. This disappearance is never- 
theless hot absolute, and it is doubtful whether there is any 
period in which the flioor of the cavity is quite without cells. 

Dr Schultz supposes* that the entire segmentation cavity 
is, in the living animal, filled with a number of loose cells. 
Though it is not in my power absolutely to deny this, the 
point being one which cannot be satisfactorily investigated in 
sections, yet no evidence has come under my notice which 
would lead to the conclusion that more cells are present in the 
Segmentation cavity than are represented on PI. xiil. fig. 1, of 
Iny preliminary paper*, an illustration which is repeated on PL 
ill. fig. 2. 

The number of cells on the floor of the cavity differs 
considerably in different cases, but these cases come under the 

* Loc. cit, 2 Loc. clt. 

^-1 



I 



36 F0I13LLTI0N OF THE LAYERS. 

category of indi\ddual variations, and are not to be looked upon 
as indications of diflFerent states of development. 

In many cases especially large cells are to be seen on the 
floor of the cavity (PL ill. fig. 2, hd). In my preliminary 
paper* the view was expressed that these are probably 
cells formed around the nuclei of the yolk. This view I am 
inclined to abandon, and to substitute for it the suggestion 
made by Dr Schultz, that they are remnants of the larger 
segmentation cells which were to be seen in the previous stages. 

Plate III. figs. 2, 3, 4 (all sections of this stage) show the 
different appearances presented by the floor of the segmentation 
cavity. In only one of these sections are there any large number 
of cells upon the floor; and in no case have cells been observed 
imbedded in the yolk forming this floor, as described by Dr 
Schultz*, but in all cases the cells simply rested upon it. 

Passing from the segmentation cavity to the blastoderm 
itself, the first feature to be noticed is the more decided differ- 
entiation of the epiblast This now forms a distinct layer 
composed of a single row of columnar cells. These are slightly 
more columnar in the region of the embryonic swelling than 
elsewhere, and become less elongated at the edge of the blasto- 
derm. In my specimens this layer was never more than one 
cell deep, but Dr Schultz' states that, in the Elasmobranch 
embryos investigated by him, the epiblast was composed of 
more than a single row of cells. 

Each epiblast cell is filled with yolk spherules and contains 
a nucleus. Very frequently the nuclei in the layer are ar- 
ranged in a regular row (vide PI. iii. fig. 3). In the later 
blastoderms of this stage there is a tendency in the cells to 
assume a wedge-like form with their thin ends pointing alter- 
nately in opposite directions. This arrangement is, however, 
by no means strictly adhered to, and the regularity of it is 
exaggerated in Plate in. fig. 4. 

The nuclei of the epiblast cells have the same characters as 
those of the lower layer cells to be presently described, but 
their intimate structure can only be successfully studied in 

^ Qy. Journal of Micros. Science^ Oct. 1874. 

^ hoc. cit. Probably Dr Schultz, here as in other cases, has mistaken nuclei 
for cells. 
* J^oc. cit. 
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certain exceptionally favourable sections. In most cases the 
yolk spherules around them render the finer details invisible. 

There is at this stage no such obvious continuity as in the 
succeeding stage between the epiblast and the lower layer cells; 
and this statement holds good more especially with the best 
conserved specimens which have been hardened in osmic acid 
(Plate III. fig. 4). In these it is very easy to see that the 
epiblast simply thins out at the edge of the blastoderm without 
exhibiting the slightest tendency to become continuous with the 
lower layer cells \ 

The lower layer cells form a mass rather than a layer, 
and constitute the whole of the blastoderm not included in the 
epiblast. The shape of this mass in a longitudinal section may 
be gathered from an examination of Plate ill. figs. 3 and 4. 

It presents an especially thick portion forming the bulk of 
the embryonic swelling, and frequently contains one or two 
cavities, which from their constancy I regard as normal and not 
as artificial products. 

In addition to the mass forming the embryonic swelling 
there is seen in sections another mass of lower layer cells at 
the opposite extremity of the blastoderm, connected with the 
former by a bridge of cells, which constitutes the roof of the 
segmentation cavity. The lower layer cells may thus be divided 
into three distinct parts : 

(1) The embryo swelling. 

(2) The thick rim of cells round the edge of the remainder 
of the blastoderm. 

(3) The cells which form the roof of the segmentation 
cavity. 

^ Prof. Haeckel (Die Gastmla a. die Eifurchnng d. Thiere, Jenaische Zeit- 
sehriftf Yol. ix.) has unfortunately copied a figure from my preliminaiy paper 
(loc. cit.) (repeated now), which I had carefully avoided using for the purpose of 
describing the formation of the layers on account of the epiblast cells in the 
original having been much altered by the chromic acid, as a result of which the 
whole section gives a somewhat erroneous impression of the condition of the 
blastoderm at this stage. I take this opportunity of pointing out that the 
colouration employed by Profe.ssor Haeckel to distinguish the layers in this 
section is not founded on my statements, but is, on the contrary, in entire 
opposition to them. From the section as represented by Professor Haeckel 
it might be gathered that I considered the lower layer cells to be divided into 
two parts, one derived from the epiblast, while the other constituted the hypo- 
blast. Not only is no such division present at this period, but no part of the 
lower layer cells, or the mesoblast cells into which they become converted, can 
in any sense whatever be said to be derived from the epiblast. 
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These three parts form a continuous whole, but in addi- 
tion to these there exist the previously mentioned cells, which 
rest on the floor of the segmentation cavity. 

With the exception of these latter, the lower layer is com- 
posed of cells having a fairly uniform size, and exhibits no trace 
of a division into two layers. 

The cells are for the most part irregularly polygonal from 
mutual pressure; and in their shape and arrangement, exhibit a 
marked contrast to the epiblast cells. A few of the lower 
layer cells, highly magnified, are represented in PL m. fig. 
2 a. An average cell measures about ^ to ^ of an inch, 
but some of the larger ones on the floor attain to the j}^ of an 
inch. 

Owing to my having had the good fortune to prepare some 
especially favourable specimens of this stago, it has been possible 
for me to make accurate observations both upon the nuclei 
of the cells of the blastoderm, and upoA the nuclei of the 
yolk. 

The nuclei of the blastoderm cells, botb of the epiblast and 
lower layer, have a uniform structure. Those of the lower 
layer cells are about jj^ of an inch in diameter. Roughly 
speaking each consists of a spherical mass of clear protoplasm 
refracting more highly than the protoplasm of its cell. The 
nucleus appears in sections to be divided by deeply stained 
lines into a number of separate areas, and in each of these a 
deeply stained granule is placed. In some cases two or more 
of such granules may be seen in a single area. The whole of 
the nucleus stains with the colouring reagents more deeply 
than the protoplasm of the cells; but this is especially th,e case 
with the gi-anules and lines. 

Though usually sphericaj the nuclei not infrequently have 
a somewhat lobate form. 

Very similar to these nuclei are the nuclei of the yolk. 

One of the most important differences between the two is 
that of size. The majority of the nuclei present in the yolk are 
as large or larger than an ordinary blastoderm cell; while many 
of them reach a size very much greater than this. The ex- 
amples I have ^leasured varied from ^^ to ^^ of an inch in 
diameter. 
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Though they are divided, like the nuclei of the blastoderm, 
with more or less distinctness into separate areas by a network 
of lines, their greater size frequently causes them to present an 
aspect somewhat different from the nuclei of the blastoderm. 
They are moreover much less regular in outline than these, and 
very many of them have lobate projections (PL III. figs. 2a and 
2c and 3), which vary from simple knobs to projections of such a 
size as to cause the nucleus to present an appearance of com- 
mencing constriction into halves. When there are several 
such projections the nucleus acquires a peculiar knobbed figure. 
With bodies, of this form it becomes in many cases a matter 
of great difficulty to decide whether or no a particular series of 
knobs, which appear separate in one plane, are united in a lower 
plane, whether, in fact, there is present a single knobbed nucleus 
or a number of nuclei in close apposition. A nucleus in this 
condition is represented in PI. IIL fig. 2 b. 

The existence of a protoplasmic network in the yolk has 
already been mentioned. This in favourable cases may be 
observed to be in special connection with the nuclei just de- 
scribed. Its meshes are finer in the vicinity of the nuclei, and 
its fibres in some cases almost appear to start from them 
(PL V. fig. 12). For reasons which I am unable to explain 
the nuclei of the yolk and the surrounding meshwork present 
appearances which differ greatly according to the reagent 
employed. In most specimens hardened in osmic acid the 
protoplasm of the nuclei is apparently prolonged in the sur- 
rounding meshwork (PL v. fig. 12). In other specimens har- 
dened in osmic acid (PI. V. fig. 11), and in all hardened in 
chromic acid (PL ni. fig. 2 a and 2 c), the appearances are far 
clearer than in the previous case, and the protoplasmic mesh- 
work merely surrounds the nuclei, without showing any signs of 
becoming continuous with them. 

There is also around each nucleus a narrow space in which 
the spherules of the yolk are either much smaller than else- 
where or completely absent, vide PI. IIL fig. 2 b. 

It has not been possible for me to satisfy myself as to the 
exact meaning of the lines dividing these nuclei into a number 
of distinct areas. My observations leave the question open as to 
whether they are to be looked upon as lines of division, or as 
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protoplasmic lines snch as have been described in nuclei by 
Flemming^ Hertwig* and Van Beneden*. The latter view ap- 
pears to me to be the more probable one. 

Such are the chief structural features presented by these 
nuclei, which are present during the whole of the earlier periods 
of development and retain throughout the same appearance. 
There can be little doubt that their knobbed condition implies 
that they are undergoing a rapid division. The arguments for 
this view I have already insisted on, and, in spite of the obser- 
vations of Dr Kleinenberg showing that similar nuclei of 
Nephelis do not undergo division, the case for their doing so in 
the Elasmobianch eggs is to my mind a very strong ona 

During this stage the distribution of these nuclei in the 
yolk becomes scmiewhat altered from that in the earlier stages. 
Although the nuclei are still scattered generally throughout 
the finer yolk-matter around the blastoderm, yet they are 
especially aggregated at one or two points. In the first place 
a special collection of them may be noticed immediately below 
the floor of the segoientation cavity. They here form a dis- 
tinct row or even layer. If the presence of this layer is cou- 
pled with the fact that at this period cells are beginning to 
appear on the floor of the segmentation cavity, a strong argu- 
ment is obtained for the supposition that around these nuclei 
cells are being produced, which pass into the blastoderm to 
form the floor. Of the actual formation of cells at this period 
I have not been able to obtain any satisfactory example, so 
that it remains a matter of deduction rather than of direct 
observation. 

Another special aggregation of nuclei is generally present 
at the periphery of the blastoderm, and the same amount of 
doubt hangs over the fate of these as over that of the previously 
mentioned nuclei. 

The next stage is the most important in the whole history 
of the formation of the layers. Not only does it serve to show, 
that the process by which the layers are formed in Elasmo- 



* Entwiokltmgsgeschichte der Najaden, Sitz, d. Jt. Akad, Wien^ 1875. 
' Morphologische Jahrhuch, Vol. i. Heft 3.. 

' D^yeloppement des Mammildres, BuL de VAcad, de Belgiqtte, zl. No. 12, 
1875. 
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branchs can easily be derived from a simple gastrula type like 
that of Amphioxus, but it also serves as the key by which 
other meroblastic types of development may be explained. At 
the very commencement of this stage the embryonic swelling 
becomes more conspicuously visible than it was. It now pro- 
jects above the level of the yolk in the form of a rim. At one 
point, which eventually forms the termination of the axis of the 
embryo, this projection is at its greatest ; while on either side 
of this it gradually diminishes and finally vanishes. This pro- 
jection I propose calling, as in my preliminary paper\ the em- 
bryonic rim. 

The segmentation cavity can still be seen from the surface, 
and a marked increase in the size of the blastoderm may be 
noticed. During the stage last described, the growth was but 
very slight ; hence the rather sudden and rapid growth which 
now takes place becomes striking. 

Longitudinal sections at this stage, as at the earlier stages, 
are the most instructive. Such a section on the same scale as 
PI. ni. fig. 4, is represented in PI. iii. fig. 5. It passes parallel 
to the long axis of the embryo, through the point of greatest 
development of the embryonic rim. 

The three fresh features of the most striking kind are (1) 
the complete envelopment of the segmentation cavity within 
the lower layer cells, (2) the formation of the embryonic rim, 
(3) the increase in distance between the posterior end of the 
blastoderm and the segmentation cavity. The segmentation 
cavity has by no means relatively increased in size. The roof 
has precisely its earlier constitution, being composed of an 
internal lining of lower layer ceUs and an external one of 
epiblast. The thin lining of lower layer cells is, in the course 
of mounting the sections, very apt to fall ofiF; but I am abso- 
lutely satisfied that it is never absent. 

The floor of the cavity has undergone an important change, 
being now formed by a layer of cells instead of by the yolk. A 
precisely similar but more partial change in the constitution 
of the floor takes place in Osseous Fishes'. 

^ Qy, Journal Microsc, Science, Oct. 1874. 

' GK)tte, Der Eeim d. Forelleneies, Arch. f. Mikr. Anat. Vol. ix. ; Haeckel, 
Die GastnUa n. die Eifarchnng d. Thiere, JenaUche Zeitschrift, Bd. ix. 
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The mode in which the floor is formed is a question of 
some importance. The nuclei, which during the last stage 
formed a row beneath it, probably, as previously pointed 
out, take some share in its formation. An additional argument 
to those ahready brought forward in favour of this view may 
be derived from the fact that during this stage such a row of 
nuclei is no longer present. 

This argument may be stated as follows : 

Before the floor of cells for the segmentation cavity is formed 
a number of nuclei are present in a suitable situation to supply 
the cells for the floor ; as soon as the floor of cells makes its 
appearance these nuclei are no longer to be seen. From this 
it may be concluded that their disappearance arises from their 
having become the nuclei of the cells which form the floor. 

It appears to me most probable that there is a growth in- 
wards from the whole peripheral wall of the cavity, and that this 
ingrowth, as well as the cells derived from the yolk, assist in 
forming the floor of the cavity. In Osseous Fish there appears 
to be no doubt that the floor is largely formed by an ingrowth 
of this kind. 

A great increase is observable in the distance between the 
posterior end of the segmentation cavity and the edge of the 
blastoderm. This is due to the rapid growth of the latter com- 
bined with the stationary condition of the former. The growth 
of the blastoderm at this period is not uniform, but is more 
rapid in the non-embryonic than in the embryonic parts. 

The main features of the epiblast remain the same as during 
the last stages. It is still composed of a very distinct layer 
one cell deep. Over the segmentation cavity, and over the 
whole embryonic end of the blastoderm, the cells are very thin, 
columnar, and, roughly speaking, wedge-shaped with the thin 
ends pointing alternately in different directions. For this 
reason, the nuclei form two rows; but both the rows are 
situated near the upper surface of the layer (vide PI. ill. 
fig. 5). Towards the posterior end of the blastoderm the cells 
are flatter and broader ; and the layer terminates at the non- 
embryonic end of the blastoderm without exhibiting the slight- 
est tendency to become continuous with the lower layer ceUs. 
At the embryonic end of the blastoderm the relations of the 
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epiblast and lower layer cells are very diflFerent, At this part, 
throughout the whole extent of the embryonic rim, the epiblast 
i$ reflected and becomes continuous with the lower layer cells. 

The lower layer cells form, for the most part, a uniform 
stratum in which no distinction into mesoblast and hypoblast 
is to be seen. 

Both the lower layer cells and the epiblast cells are still 
filled with yolk spherules. 

The structures at the embryonic rim, and the changes 
which are there taking place, unquesticmably form the chief 
features of interest at this stage. 

The general relations of these parts are very fairly shown 
in PL, nL fig. 5, which represents a section passing through the 
median line of the embryonic region. They are however more 
accurately represented in PI. IV. fig. 5 a, taken from the same 
embryo, but in a lateral part of the embryonic rim ; or in 
PL IV. fig. 6, from a slightly older embryo. In all of these 
figures the epiblast cells are reflected at the edge of the 
embryonic i:im, and become perfectly continuous with the hypo- 
blast cells. A few of the cells, immediately beyond the line 
of this reflection, precisely resemble in character the typical 
epiblast cells; but the remainder exhibit a gradual transition 
into typical lower layer cells. Adjoining these transitional cells, 
or partly enclosed in the corner formed between them and the 
epiblast, are a few unaltered lower layer cells (m), which at this 
stage are not distinctly separated from the transitional cells. 
The transitional cells form the commencement of the hypoblast 
(hy); and the cells (m) between them and the epiblast form 
the commencement of the mesoblast. The gradual conversion 
of lower layer cells into columnar hypoblast cells, is a very clear 
and observablQ phenom^non in the best specimens. Where the 
embryonic rim projects most, a larger number of cells have 
assumed a columnar form. Where it projects less clearly, a 
smaller number have done so. But in all cases there may be 
observed a series of gradations between the columnar cells and 
the typical rounded lower layer ceU[s\ 

^ When 'writing my earlier paper I did not feel so confident about the mode 
of formation of the hypoblast as I now do, and even doubted the possibility of 
d^termining it from sections. The facts now brought forward are I hope suffi- 
cient to remove all scepticism on this poisai. 
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In the last described embryo, although the embryonic rim 
had attained to a considerable development, no trace of the 
medullary groove had made its appearance. In an embryo in 
the next stage of which I propose describing sections, this struc- 
ture has become visible. 

A surface view of a blastoderm of this age, with the embryo, 
is represented on PL vi. fig. B ; and I shall, for the sake of 
convenience, in future speak of embryos of this age as belong- 
ing to period B. 

The blastoderm is nearly circular. The embryonic rim is 
represented by a darker shading at the edge. At one point 
in this rim may be seen the embryo, consisting of a somewhat 
raised area with an axial groove (m^r). The head end of the 
embryo is that which points towards the centre of the blasto- 
derm, and its free peripheral extremity is at the edge of the 
blastoderm. 

A longitudinal section of an embryo of the same age as 
the one figured* is represented on PL rv. fig. 7. The general 
growth has been very considerable, though as before explained, 
it is mainly confined to that part of the blastoderm where the 
embryonic rim is absent. 

A fresh feature of great importance is the complete dis- 
appearance of the segmentation cavity, the place which was 
previously occupied by it being now filled up by an irregular 
network of cells. There can be little question that the oblite- 
ration of the segmentation cavity is in part due to the entrance 
iuto the blastoderm of fresh cells formed around the nuclei of 
the yolk. The formation of these is now taking place with 
great rapidity and can be very easily followed. 

Since the segmentation cavity ceases to play any further 
part in the history of the blastoderm, it will be well shortly to 
review the main points in its history. 

Its earliest appearance is involved in some obscurity, though 
it probably arises as a simple cavity in the midst of the lower 
layer cells (PI. III. fig. 1). In its second phase the floor ceases 
to be formed of lower layer cells, and the place of these is 
taken by the yolk, on which however a few scattered cells 

1 Owing to the small size of the plates this section has been drawn on a 
considerably smaller scale tha^ that represented in fig. 5. 
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still remain (PL ill. figs. 2, 3, 4). During the third period of 
its history, a distinct cellular floor is again formed for it, so 
that it comes a second time into the same relations with the 
blastoderm as at its earliest appearance. The floor of cells 
which it receives is in part due to a growth inwards from the 
periphery of the blastoderm, and in part to the formation of 
fresh cells from the yolk. Coincidently with the commencing 
differentiation of hypoblast and mesoblast the segmentation 
cavity grows smaller and vanishes. 

One of the most important features of the segmentation 
cavity in the Elasmobranchs which I have studied, is the fact 
that throughout its whole existence its roof is formed of lower 
layer cells. There is not the smallest question that the seg- 
mentation cavity of these fishes is the homologue of that of 
Amphioxus, Batrachians, etc., yet in the case of all of these 
animals, the roof of the segmentation cavity is formed of 
epiblast only. How comes it then to be formed of lower layer 
cells in Elasmobranchii ? 

To this question an answer was attempted in my paper, 
"Upon the Early Stages of the Development of Vertebrates \" 
It was there pointed out, that as the food material in the ovum 
increases, the bulk of the lower layer cells necessarily also in- 
creases ; since these, as far as the blastoderm is concerned, are 
the chief recipients of food material. This causes the lower layer 
cells to encroach upon the segmentation cavity, and to close 
it in not only on the sides, but also above; from the same cause 
it results that the lower layer cells assume, from the first, a 
position around the spot where the future alimentary cavity 
will be formed, and that this cavity becomes formed by a 
simple split in the midst of the lower layer cells, and not by 
an involution. 

All the most recent observations' on Osseous Fishes tend 
to show that in them, the roof of the segmentation cavity is 
formed alone of epiblast ; but on account of the great difficulty 
which is experienced in distinguishing the layers in the blasto- 
derms of these animals, I still hesitate to accept as conclusive 
the testimony on this point. 

1 Quart, Joum, of Microscop, Science ^ July, 1875. 

* Oellacher, Zeit. f. WUs. Zoologie, Bd. xxiii. Gotte, Archiv f, Mikr. 
Anat, Vol. iz. Haeckel, loc. cit. 
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In the formation a se(;ond time of a cellular floor for the 
segmentation cavity in the third stage, the Elasmobranch embryo 
seems to resemble that of the Osseous Fish*. Upon this feature 
great stress is laid both by Dr Gotte' and Prof. Haeckel': but I 
am unable to agree with the interpretation of it offered by them. 
Both Dr Gotte and Prof. Haeckel regard the formation of this 
floor as part of an involution to which the lower layer cells owe 
their origin, and consider the involution an equivalent to the 
alimentary involution of Batrachians, Amphioxus, &a To this 
question 1 hope to return, but it may be pointed out that my 
observations prove that this view can only be true in a very 
modified sense; since the invagination by which hypoblast and 
alimentary canal are formed in Amphioxus is represented in 
Elasmobranchs by a structure quite separate from the ingrowth 
of cells to form the floor of the segmentation cavity. 

The eventual obliteration of the segmentation cavity by 
cells derived from the yolk is to be regarded as an inherited rem- 
nant of the involution by which this obliteration was primitively 
effected. The passage upwards of cells from the yolk, may 
possibly be a real survival of the tendency of the hypoblast cells 
to grow inwards during the process of involution. 

The last feature of the segmentation cavity which deserves 
notice is its excentric position. It is from the first situated in 
much closer proximity to the non- embryonic than to the embry- 
onic end of the blastoderm. This peculiarity in position is also 
characteristic of the segmentation cavity of Osseous Fishes, as is 
shown by the concordant observations of Oellacher* and Gotte^ 
Its meaning becomes at once intelligible by referring to the 
diagrams in my paper® on the Early Stages in the Development 
of Vertebrates. It in fact arises from the asymmetrical charac- 
ter of the primitive alimentary involution in all anamniotic 
vertebrates with the exception of Amphioxus. 

Leaving the segmentation cavity I pass on to the other 
features of my sections. 

There is still to be seen a considerable aggregation of cells 
at the non-embryonic end of the blastoderm. The position of 
this, and its relations with the portion of the blastoderm which 

1 This floor appears in most Osseous Fish to be only partially formed. Yide 
Gotte, loc. cit. 

- Loc. cit, ' Loc. cit. * Loc. cit, « Loc. cit. ^ Loc. cit. 
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at an earlier period contained the segmentation cavity, indicate 
that the growth of the blastoderm is not confined to its edge, 
but that it proceeds at all points causing the peripheral parts to 
glide over the yolk. 

The main features of the cells of this blastoderm are the 
same as they were in the one last described. In the non- 
embryonic region the epiblast has thinned out, and is composed 
of a single row of cells, which, in the succeeding stages, become 
much flattened. 

The lower layer cells over the greater part of their extent, 
have not undergone any histological changes of importance. 
Amongst them may frequently be seen a few exceptionally 
large cells, which without doubt have been derived directly 
from the yolk. 

The embryonic rim is now a far more considerable structure 
than it was. Vide PL IV. fig. 7. Its elongation is mainly 
effected by the continuous conversion of rounded lower layer 
cells into columnar hypoblast cells at its central or anterior 
extremity. 

This conversion of the lower layer cells into hypoblast cells 
is still easy to follow, and in every section. cells intermediate 
between the two are to be seen. The nature of the changes 
which are taking place requires for its elucidation transverse 
as well as longitudinal sections. Transverse sections of a slightly 
older embryo than B are represented on PI. iv. fig. 8 a, 8 6, 
and 8 c. 

Of these sections a is the most peripheral or posterior, and c 
the most central or anterior. By a combination of transverse and 
longitudinal sections, and by an inspection of a surface view, 
it is rendered clear that, though the eijibryonic rim is a far more 
considerable structure in the region of the embryo than else- 
where (compare fig. 6 and fig. 7 and 7 a), yet that this gain 
in size is not produced by an outgrowth of the embryo beyond 
the rest of the germ, but by the conversion of the lower layer 
cells into hypoblast having been carried far further towards the 
centre of the germ in the axial line than in the lateral regions 
of the rim. 

The most anterior of the series of transverse sections (PL iv. 
fig. 8c) I have represented, is especially instructive with reference 
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to this point. Though the embryonic rim is cut through at 
the sides of the section, yet in these parts the rim consists 
of hardly more than a continuity between epiblast and lower 
layer cells, and the lower layer cells show no trace of a divi- 
sion into mesoblast and hypoblast. In the axis of the embryo, 
however, the columnar hypoblast is quite distinct; and on it a 
small cap of mesoblast is seen on each side of the medullary 
groove. Had the embryonic rim resulted from a projecting 
growth of the blastoderm, such a condition could not have 
existed. It might have been possible to find the hypoblast 
formed at the sides of the section and not at the centre ; but 
the reverse, as in these sections, could not have occurred. 
Indeed it is scarcely necessary to have recourse to sections to 
prove that the growth of the embryonic rim is towards the 
centre of the blastoderm. The inspection of a surface view of a 
blastoderm at this period demonstrates it beyond a doubt (PL 
VI. tig. B). The embryo, close to which the embryonic rim 
is alone largely developed, does not project outwards beyond 
the edge of the germ, but inwards towards its centre. 

The space between the embryonic rim and the yolk (PI. iv. 
fig. 7 al.) is the alimentary cavity. The roof of this is therefore 
primitively formed of hypoblast and the floor of yolk. The exter- 
nal opening of this space at the edge of the blastoderm is the exact 
morphological homologue of the anus of Rusconi, or blastopore of 
Amphioxus, the Amphibians, &c. The importance of the mode 
of growth in the embryonic rim depends upon the homology of 
the cavity between it and the yolk, with the alimentary cavity 
of Amphioxus and Amphibians. Since this homology exists, 
the direction of the growth of this cavity ought to be, as it in 
fact is, the same as in Amphioxus, etc., viz. towards the centre 
of germ and original position of the segmentation cavity. Thus 
though a true invagination is not present as in the other cases, 
yet this is represented in Elasmobranchs by the continuous con- 
version of lower layer cells into hypoblast along a line leading 
towards the centre of the blastoderm. 

In the parts of the rim adjoining the embryo, the lower layer 
cells, on becoming continuous with the epiblast cells, assume a 
columnar form. At the sides of the rim this is not strictly the 
case, and the lower layer cells retain their rounded form, though 
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quite OMitmuous with the epiblast cells. One curious feature 
of the layer of epiblast in these lateral parts of the rim is the 
great thickness it acquires before being reflected and becoming 
continuous with the hypoblast (PL IV. fig. 8e). In the vicinity 
of the point of reflection there is often a rather large formation 
of cells around the nuclei of the yolk. The cells formed here 
no doubt pass into the blastoderm, and become converted into 
columnar hypoblast cells. In some cases the formation of these 
cells is very rapid, and they produce quite a projection on the 
under side of the hypoblast Such a case is represented in 
PI. IV. fig. 8bf tk cd. The cells constituting this mass even- 
tually become converted into the lateral and ventral walls of the 
alimentary canaL 

The formation of the mesoblast has progressed rapidly. 
While many of the lower layer cells become columnar and form 
the hypoblast, others, between these and the epiblast, remain 
spherical. The latter do not at once become separated as a 
layer distinct from the hypoblast, and, at first, are only to be 
distinguished from them through their different character, vide 
Plate rv. figs. 6 and 7. They nevertheless constitute the com- 
mencing mesoblast. 

Thus much of the mode of formation of the mesoblast can 
be easily made out in longitudinal sections, but transverse sec- 
tions throw still further light upon it. 

From these it may at once be seen that the mesoblast is 
not formed in one continuous sheet, but as two lateral masses, 
one on each side of the axial line of the embryo\ In my 
preliminary account' it was stated that this was a condi- 
tion of the mesoblast at a very early period, and that it was 
probably its condition from the beginning. Sections are now in 
my possession which satisfy me that, from the very first, the 
mesoblast arises as two distinct lateral masses, one on each side 
of the axial line. 

^ Professor Lieberkuhn {OeseUsehaft zu Marburg, Jan. 1876) finds in Mam- 
malia a bilateral arrangement of the mesoblast, wMoh he compares with that 
(leseribed by me in Elaismobranohs. In Mammalia, howeyer, he finds the two 
masses of mesoblast oonneeted by a very thin layer of oeUs, and is apparently of 
opinion that a similar thin layer exists in Elasmobranchs though overlooked by 
me. I ean definitely state that, whatever may be the condition of the mesoblast 
in Mammalia, in Elasmobranchs at any rate no snob layer exists. 

• Loc, eiU 
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In the embryo from which the sections PL rv. fig. 8 a, 8 6, 
8 c were taken, the mesoblast had, in most parts, not yet become 
separated from the hypoblast. It still formed with this a con- 
tinuous layer, though the mesoblast cells were distinguish- 
able by their shape from the hypoblast. In only one section 
(b) was any part of the mesoblast quite separated from the 
hypoblast. 

In the hindermost part of the embryo the mesoblast is at its 
maximum, and forms, on each side, a continuous i^eet extending 
from the median line to the periphery (fig. 8 a). The rounder 
form of the mesoblast cells renders the line of junction between 
the layer constituted by them and the hypoblast tairlj distinct ; 
but towards the periphery, where the hypoblast cells have the 
same rounded form as the mesoblast, the fusion between the 
two layers is nearly complete. 

In an anterior section the mesoblast is only present as a cap 
on both sides of the medullary groove, and as a mass of cells 
at the periphery of the section (fig. 8 b) ; but no continuous layer 
of it is present. In the foremost of the three sections (fig. 8 c) 
the mesoblast can scarcely be said to have become in any 
way separated from the hypoblast except at the summit of the 
medullary folds (m). 

From these and similar sections it may be certainly con- 
cluded, that the mesoblast becomes first separated from the 
hypoblast as a distinct layer in the posterior region of the em- 
bryo, and only at a later period in the region of the head. 

In an embryo but slightly more developed than B, the 
formation of the layer is quite completed in the region of the 
embryo. To this embryo I now pass on. 

In the non-embryonic parts of the blastoderm no fresh fea- 
tures of interest have appeared. It still consists of two layers. 
The epiblast is composed of flattened cells, and the lower layer 
of a network of more rounded cells, elongated in a lateral 
direction. The growth of the blastoderm has continued to be 
very rapid. 

In the region of the embryo (PI. iv. fig. 9) more important 
chaliges have occurred. The epiblast still remains as a single 
row of columnar cells. The hypoblast is no longer fused with 
the mesoblast, and forms a distinct dorsal wall for the alimentary 
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cavity. Though along the axis of the embryo the hypoblast is 
composed of a single row of columnar cells, yet in the lateral 
part of the etnbryo its Cells are less columnar and are one or 
two deep. 

Owing to the manner in which the mesoblast became split 
off firom the hypoblast, a continuity is maintained between the 
hypoblast and the lower layer cells of the blastoderm (PI. iV. 
fig. 9), while the two plates of mesoblast are isolated and dis- 
xx)nnected from any other masses of cells. 

The alimentary cavity is best studied in transverse sections. 
( Vide PL V, fig. 10 a, 10 6 and 10c, three sections from the same 
embryo.) It is closed in above and at the sides by the hypoblast, 
and below by the yolk. In its anterior part a floor is commencing 
to be formed by a growth of cells from the walls of the two 
sidea The cells for this growth are formed arqund the nuclei 
of the yolk ; a feature which recalls the fact that in Amphibians 
the ventral wall of the alimentary cavity is similarly formed in 
part from the so-called yolk cells. 

We left the mesoblast as two masses not completely sepa- 
rated firom the hypoblast* During this stage the separation 
between the two becomes complete, and there are formed two 
great lateral plates of mesoblast cells, one on each side of the 
medullary groove. Each of these corresponds to a united 
vertebral and lateral plate of the higher Vertebrates. The plates 
are thickest in the middle and posterior regions (PL v. fig. 
10 a and 10 b), but thin out and almost vanish in the region of 
the head. The longitudinal section of this stage represented in 
PL V. fig. 9, passes through one of the lateral masses of 
mesoblast cells, and shows very distinctly its complete inde-* 
pendence of all the other cells in the blastoderm. 

From what has been stated with reference to the develop- 
ment of the mesoblast, it is clear that in Elasmobranchs this 
layer is derived from the same mass of cells as the hypoblast, 
and receives none of its elements from the epiblast. In connec- 
tion with its development, as two independent lateral masses, 
I may observe, as I have previously done*, that in this respect 
it bears a close resemblance to mesoblast in Euaxea, as de- 

* Quart. Joxim. nf Mierosc. Science, Oct., 1874. 

4—2 
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scribed by Kowalevsky ^ This resemblance is of some interest, 
as bearing on a probable Annelid origin of Yertebrata. Kow- 
alevsky has abo shown' that the mesoblast in Ascidians is 
similarly formed as two mdependent masses, one on each side 
of the middle line. 

It ought, however, to be pointed out that a similar bilateral 
prigia of the mesoblast had been recently met with in Lynuweus 
by Carl Babl*. A fact which somewhat diminishes the genea- 
logical value of this feature in the mesoblast in Elasmobranchs. 

During the course of this stage the spherules of food-yolk 
immediately beneath the embryo are used up very rapidly. 
As a result of this the protoplasmic network, so often spoken 
of, comes very plainly into view. Considerable areas may soine^ 
times be seen without any yolk spherule whatever. 

On PL IV. fig. 7 a, and PI. v. 11 and 12, 1 have attempted 
to reproduce the various appearances presented by this 
network : and these figures give a better idea of it than any 
description. My observations tend to show that it extends 
through the whole yolk, and serves to hold it together. It has 
not been possible for me to satisfy myself that it had any defi* 
nite limits, but on the other hand, in many parts all my efforts 
to demonstrate its presence have failed. When the yolk sphe« 
rules are very thickly packed, it is difficult to make out for cer- 
tain whether it is present or absent, and I have not succeeded in 
removing the yolk spherules from the network in cases of this 
kind. In medium-sized ovarian eggs this network is very easily 
seen, and extends through the whole yolk. Part of such an 
egg is shown in PI. V. fig. 14 In full-sized ovarian eggs, 
according to Schultz^; it forms, as was mentioned in the first 
chapter, radiating striae, extending from the centre to the peri- 
phery of the egg. When examined with the highest powers, 
the lines of this network appear to be composed of immea- 
surably small granules arranged in a linear direction. These 
granules are more distinct in chromic acid specimens than in 

^ Embryologische Stadien an Wiirmen n. Arthropoden. Memoires d, VAcad, 
8. P4ter8bourg. Vol. xiv. 1S7S. 

' Archiv fiir Mikr, Anat, Vol. vii. 

> JenaUche ZeiUchrift. Vol. ix. 1875. A bilateral development of meso- 
blast, according to Professor Haeckel {loc. cit)y occurs in some Osseous Fish. 
Hansen, Zeit, fiir Anat. u. Entw, Vol. i., has recently described the mesoblast 
in Mammalia as consisting of independent lateral masses. 

* Archiv fur Mikr. Anat, Vol. xi. 
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those hardened in osmic acid, but are to be seen in both. 
There can be little doubt that these granules are imbedded 
in a thread or thin layer of protoplasm. 

I have already (p. 39) touched upon the relation of this 
network to the nuclei of the yolk*. 

During the sti^s which have just been described specially 
favourable views are frequently to be obtained of the formation 
of cells in the yolk and their entrance into the blastoderm* 
Two representations of these are given, in Fl. iv. fig. 7 a, 
and PL V. fig. 13. In both of these distinctly circumscribed 
cells are to be seen in the yolk (c), and in all cases are situated 
near to the typical nuclei of the yolk. The cells in the yolk 
have such a relation to the surrounding parts, that it is quite 
certain that their presence is not due to artificial manipulation, 
and in some cases it is even difficult to decide whether or no a 
cell area is circumscribed round a nucleus (PL v. fig. 13). 
Although it would be possible for cells in the living state to 
pass firom the blastoderm into the yolk, yet the view that they 
have done so in the cases under consideration has not much to 
recommend' it, if the following facts be taken into consideration. 
(1) Thiat the cells in the yolk are frequently larger than those 
in the blastoderm. (2) That there are present a very large 
number of nuclei in the yolk which precisely resemble the 
nuclei of the cells under discussion. (3) That in some cases 
(PL V. fig. 13) cells are seen indistinctly circumscribed as if in 
the act of being formed. 

Between the blastoderm and the yolk may frequently be 
seen a membrane-like structure, which becomes stained with 
hsemafoxylin, osmic acid etc. It appears to be a layer of 
coagulated albumen and not a distinct membrane. 

• ^ A protoplasmic network resembling in its essential features the one jnst 
deseribed has been noticed by many obserrera in other oya. Fol has figured 
and described a network or sponge-like arrangement of the protoplasm in the 
eggs of Geiyonia. (JenaUche ZeiUchrift, yoIL yii.) Metschnikoff (Zeitichrift f. 
Wis8» Zootogie, 1874) has demonstrated its presence in the oya of many Sipho- 
nophorisB and MJednsie. Flemming {EnttDieklungsgeschichte der Najtiden, Sitz, 
der k, Akad. Wien, 1875) has found it in the ovarian oya of fresh-water mnssels 
(Anodonta and Unio), bnt regards it as dae to the action of reagents, since he 
faOs to find.it in the fresh condition. Amongst vertebrates it has been carefully 
described by Eimer (Archiv fur Mikr. Anat., vol. vm.) in the ovarian ova of 
Beptiles. Eimer moreover finds that it is continuous with prolongations firom 
cells of the epithelium of the follicle in which the ovum is contained. Accord- 
ing to him remnants of this network are to be met with in the ripe ovum, but 
are no longer present in the ovum when taken from the oviduct. 
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Summary. 

At the close of segmeiitation> the blastoderm forms a some-* 
what leDS-shaped diso, thicker at one end than at the other ; 
the thicker end being termed .the embiyoDic end. 

It is divided into two layers — au upper one, the epiblast, 
formed by a single row of columnar oells; and a lower one, con* 
sisting of the refuaining eells of the blastodemv 

A cavity next appeai^s in the lower layer cells, near the non- 
embryonic end of the blastoderm, but the cells soon disappear 
from the floor of this cavity which then comes to be constituted 
by yolk alone. 

The epiblast in the next 9ti^ is reflected for a small are at 
the embryonic end of the blastoderm^ and becomes continuous 
with the lower layer cells; at the same time some of the lower 
layer cells of the embryonic end of the blastoderm assume a 
columnar form, and institute the ccmimencing hypoblast. The 
portion of the blastoderm, where epiblast and hypoblast are 
continuous^ Ibrms a projecting structure whidi I have called the 
embryonic rim. This rim increases rapidly by growing inwards 
more and more towards the centre of the blastoderm, through 
the continuous conversion of lower layer cells into columnar 
hypoblast. 

While the embryonic rim is being fcHined, the segmentation 
cavity undergoes important changes. In the first place, it 
receives a floor of lower layer cells, partly from an ingrowth 
from the two sides, and partly from the fbrmaticm ei cells 
around the nuclei of the yolk. 

Shortly after the floor of cells has appeared, the whole seg- 
mentation cavity becomes obliterated. 

When the embryonic rim has attained to some importance, 
the position of the embryo becomes marked out by the appear- 
ance of the meduDary groove at its most projecting part. The. 
embryo extends from the edge of the blastodenn inwards to- 
wards the centre. 

At about the time of the formation of the medullary groove, 
the mesoblast becomes definitely constituted. It arises as two 
independent plates, one on each side <^ the meduUaiy gixxyre, 
and is entirely derived from lower layer cells. 
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The two plates of mesoblast are at first onoonnected with any 
other cells of the blastoderm, and, on their formation, the hypo- 
blast remains in connection with all the remaining lower layer 
cells. Between the embryonic rim and the yolk is a cavity, — 
the primitive alimentary cavity. Its roof is formed of hypo- 
blast, and its floor of yolk. Its external opening is homologous 
with the anus of Rasconi, ot Amphioxus and the Amphibians. 
The ventral wall of the alimentary cavity is eventually derived 
from cells formed in the yolk around the nuclei which are 
there present. 

Since the important researches of G^enbaur* upon the 
meioblastic vertebrate eggs, it has been generally admitted 
that the ovum of eveiy vertebrate, however complicated may 
be its apparent constitution, is nevertheless to be regarded as a 
simple celL This view is, indeed, opposed by His' and to a 
very modified extent by Waldeyer', and has recently been 
attacked from an entirely new standpoint by Qotte^; but, to 
my mind, the objections of these authors do not upset the 
well founded conclusions of previous observations. 

Aa soon as the fact is recognised that both meroblastic 
and holoUastic eggs have the same fundamental constitution, 
the admission follows, naturally, though not necessarily, that 
the eggs belonging to these two classes differ solely in degree 
not only as regards their constitution, but also as regards the 
manner in which they become respectively converted into the 
emlnrya. As might have been anticipated, this view has gained 
a wide accepianca 

Amongst the observations, whidi have given a strong 
objective support to this view, may be menticmed those of 
Professor Lankester upon the development of Cephalopoda^ 
and of I^ Gotte* upon the development of the Hen's egg. In 
Loligo Professor Lankester showed that there iqypeared, in 



mtt pttrtiellflr Dottertheiliiiig. MiOUr^s Arch. 1861. 

* EnU Ardage de* WirheUhierleibes. 
> Eienioch «. Ei. 

^ BwhDieklungsgesehiehte der Unke. The important researches of Gotte on 
the derdopment of the OTum, though meriting the most carefnl attention, do 
not admit of discussion in this phuse. 

* AfmaU and Magaz^ of Natural HUtory^ YoL XL 1873, p. 81. 

* AreHvf. Mikr. Anat. YoL x. 
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the pai*t of the egg usually considered as food-yolk» a hum« 
ber of bodies, which eventually developed a nucleus and be- 
came cells, and that these cells entered into the blastoderm. 
These observations demonstrate that in the eggs of Loligo the 
so-called food-yolk is merely equivalent to a part of the egg 
which in other cases undergoes segmentation. 

The observations of Dr Gotte have a similar bearing. He 
made out that in the eggs of the Hen no sharp line is to be 
found separating the germinal disc from the yolk, and that, 
independently of the normal segmentation, a number of cells 
are derived from that part of the egg hitherto regarded as 
exclusively food-yolk. This view of the nature of the food-yolk 
was also advanced in my preliminary account of the develop- 
ment of Elasmobranchs^ and it is now my intention to put 
forward the positive evidence in favour of this view, which is 
supplied from a knowledge of the phenomena of the develop- 
ment of the fUasmobranch ovum; and then to discuss how far 
the facts, of the growth of the blastoderm in Elasmobranchs 
accord with the view that their large food-yolk is exactly 
equivalent tQ part of the ovum, which in Amphibians undergoes 
segmentation, rather than some fresh addition, which has no 
equivalent in the Amphibian or other holoblastic ovum. 

Taking for granted that the ripe ovum is a single cell, the 
question arises whether in the ease of meroblastic ova the cell 
is not constituted of two parts completely separated from one 
another. 

Is the meroblastic ovum, before or after impregnation, com- 
posed of a germinal disc in which all the protoplasm of the cell 
is aggregated, and of a food-yolk in which no protoplasm is 
present? or is the protoplasm present throughout, being simply 
more concentrated at the germinal pole than elsewhere? If the 
former alternative is accepted, we must suppose that the mass of 
fobdryolk is a something added which is not present in holoblas- 
tic ova. If the latter alternative is accepted, it may then be 
maintained that holoblastic and meroblastic ova are constituted 
in the same way and diflFer only in the proportions of their con- 
stituents. 

* Qtuirt, Joum, of Micr, Science^ Oct. 1874. 
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My 0¥m observatioDS in conjunction with the specially inter- 
esting observations of Dr Schultz^ justify the view which regards 
the protoplasm as present throughout the whole ovum, and not 
confined to the germinal disc. Our observations show that a 
fine protoplasmic network, with ramifications extending through- 
out the whole yolk, is present both before and after impregna- 
tion. 

The presence of this network is, in itself, only sufficient to 
prove that the yolk may be equivalent to part of a holoblastic 
ovum; to demonstrate that it is so requires something more, 
and Hiis link in the chain of evidence is supplied by the 
nuclei of the yolk, which have been so often referred to. 

These nuclei arise independently in the yolk, and become 
the nuclei of cells which enter the germ and the bodies of which 
are derived from the protoplasm of the yolk. Not only so, but 
the cells formed around these nuclei play the same part in the 
development of Elasmobranchs as do the largest so-called yolk 
cells in the development of Amphibians. Like the homologous 
cells in Amphibians, they mainly serve to form the ventral wall 
of the alimentary canal and the blood-corpuscles. The identity 
in the fate of the so-called yolk cells of Amphibians with the cells 
derived from the yolk in Elasmobranchs, must be considered 
as a proof of the homology of the yolk cells in the first case 
with the yolk in the second; the difference between the yolk in 
the two cases arising from the fact that in the Elasmobranch 
ovum the yolk spherules bear a larger proportion to the proto- 
plasm than they do in the Amphibian ovimi. As I have 
suggested elsewhere'^ the segmentation or non-segmentation of 
a particular part of the ovum depends solely upon the proportion 
borne by the protoplasm to the yolk particles; so that, when 
the latter exceed the former in a certain fixed proportion, 
segmentation is no longer possible; and, as this limit is ap- 
proached, segmentation becomes slower, and the resulting 
segments larger and larger. 

The question how far the feu^ in the developmental history 
of the various vertebrate blastoderms accord with the view of 
the nature of the yolk just propounded, is one of considerable 

1 Arckivf, Mikr. AnaU Vol. xxi, 

> Comparison, <fcc., Quart, Jo urn, Mier, Science, July, 1875. 
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'iDtereBt An answer to it has already been attempted from a 
general point of view in my paper' entitled ' The Compaiiaon of 
the early stages of development in Vertebrates ' ; but the subject 
may be conveniently treated here in a special manner fw 
Elasmobranch embryos. 

la the wood-cut, fig. 1 A, B, G*, are represented three dia- 
grammatic longitudinal sections of an Elasmobranch embryo. 







Diagramin&tic linif^hidiiiul eeetiona of an Elaamobmioh embijro. 

EfihUat withoat »ti».ting Sfemiitatt IdMft witli dear ontlinea to the oeDa. 
Lawer laf/er eettt ftnd ktffoilotl with aimpla shadme. 

ep. epiblast. m. mesoblast. al. aliraentaiy oaTitj. ig. Begmentstion 
cavity, nc. ueund oanal. rh. notoeliord. x. point nhera epibhist and hypo- 
blast becoma oontiuuouB at the posterior end of the emblyo. n. nuclei of yi^k. 

A. SeotioD of young blastoderm, with segmentation cavity in the middle of 
the lover layer ceUa. 

B. Older blaBtodetm with embryo in which hypoblast and tBeaaUaet are 
distinctly formed, and ia whieh the aUmetttary shl has appeared. 'Hie seg- 
mentation cavity is still represented as being preaeut, thon^ by this stag« 
it has in reaUt; disappeared. 

0. OlAer blaatoderm with embTyo in which nenral canal has become 
formed, and ia continnons posteri<Mrly with alimenta«y eanaL The notoehord, 
though shaded like meaoblast, belongs properly to the hypoblast 

* This £gaie, together with Gg. 2 and 3, are repMdnoed from my paper upon 
the comparison of the early stages of development in vertebrates 
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A nearly correspoods with the longitudinat section represented 
on PL liL fig. 4, and B with PL iv. fig. 7. In PL IV. fig. 7, 
tiie segmentation cavity has however completely disappeared, 
while it is still re|K«sested as present in the diagram of the 
same period. If these diagrams, or better still, the wood-cutn 
fig. 2 A, B, C (which only differ from those of the Elasmo- 
bnmch fish in the smaller amoimt of fobd-yolk), be compared 
with the corresponding ones of Bombinator, fig. 3 A, B, G, 
they will be foond to be in fundamental agreement with them, 
first let fig. 1 A, or fig. 2 .^, or PL UL fig. 4, be compared 
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Diagmnmotla longitudinal seetioiu of embryo, which develops in the same 
nuuuiei BB the Etasmobranoh embryo, bnt in whioh the ovam contains Ut 
le»s food-jolk than is the oaae with the Elosmohranah oTiim. 
Epiblait withont shading. Maoiltut blaok with oleai oatlines to the odls. 

Lower layer cell* and hgpobiatt with simple aliading. 

«>. epiblast. m. mesoblast, hy. hypoblaat. ig. Mgmentatiou eavity. 

Hi. dimentaiy cavity, ne. nenral eaaaL hf. head-fold. n. nnclei ot the yolk. 
The Btoees A, B and O ue the same aa in figure 1. 



witli flg. 3 A, In all there is preaent a segmentation cavity 
situated not centrally but near the surface of the e^. The 
roof of the cavity is thin in all, being composed in the 
Amphibian of epiblast alone, and in the Elasmobranch of 
epiblast and hmer layer cells. The floor of the cavity is, in 
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Ef^latt vitboat Bhading. iletobljul bUek with olear ontlinea to tlie eelli. 
Lamrr laytr eeUt mud ktfpobliat with eingle shading. 

ep. ^^bUst. I.I. lower U;er cells, jr. snuUer lower layer edli at (be sidea 
of the legmentatioD eavi^. n. meBoblaaC. by. hjpoblast. a/, alimentaij earity. 
— - — "— -- — — ■ — '•— yk. joXk-dsQa. 



A ia the yomieeat slage ia which the alimentar? incolation haa not yet xp- 
peered, zie the prantfunn which the inTolntion will start to form the dorwl wall 
of the alimentaiy tract. The line on each side of the Bt^mentation earity, which 
■epaiafan Uw muUer lower layer cells fram the epibUst cells, ii not present in 
GStte'a ori^nai Ggnre. The two shadings employed in the diagram render it 
Hill mini J to have eome tine, but at this stage it is in reality not poaaible to 
avert wnieh cells belong to the epiblaet and which to the lower layer. 

B. In this stage the alimentary caiity has become formed, bat the Mgmen- 
taticm eanty is not yet obliterated. 

X. point where epiblast and hypoblast become continnons. 

C. The neural canal is already formed, and commnnicatea poeterioriy 
with the alimentary. 

X. point vhers epiblast and hypoblast become continnons. 
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all, formed of so-called yolk {Vide PI. III. fig. 4), which in 
all forms the main mass of the egg. In the Amphibian the 
yolk is segmented, and, though it is not segmented in the Elas- 
mobranch, it contains in compensation the nuclei so often men- 
tioned. In all the sides of the segmentation cavity are 
formed by lower layer cells. In the Amphibian the sides 
are enclosed by smaller cells (in the diagram) which corre- 
spond exactly in function and position with the lower layer cells 
of the Elasmobranch blastoderm. 

The relation of the yolk to the blastoderm in the Elasmo- 
branch embryo at this stage of development very well suits the 
view of its homology with the large cells of the Amphibian 
ovum. The only essential diflFerence between the two ova 
arises from the roof of the segmentation cavity being in the 
Elasmobranch embryo formed of lower layer cells, which are 
absent in the Amphibian embryo. This diflFerence no doubt 
depends upon the greater quantity of yolk particles present in 
the Elasmobranch ovum. These increase the bulk of the lower 
layer cells, which are thus compelled to creep up the sides of 
the segmentation cavity till they close it in above. 

In the next stage for the Elasmobranch, fig. 1 and 2 B and 
PI. rv. fig. 7, and for the Amphibian, fig. 3 B, the agreement 
between the two types is again very close. In both for a small 
portion {x) of the edge of the blastoderm the epiblast and hypo- 
blast become continuous, while at all other parts the epiblast, 
accompanied by lower layer cells, grows round the yolk or 
round the large cells which correspond to it. The yolk cells 
of the Amphibian ovum form a comparatively small mass, 
and are therefore rapidly enveloped ; while in the case of the 
Elasmobranch ovum, owing to the greater mass of the yolk, 
the same process occupies a long period. In both ova the 
portion of the blastoderm, where epiblast and hypoblast become 
continuous, forms the dorsal lip of an opening — the anus of 
Rusconi — which leads into the alimentary cavity. This cavity 
has the same relation in both ova. It is lined dorsally by lower 
layer cells, and ventrally by yolk or what corresponds with yolk ; 
the ventral epithelium of the alimentary canal being in both 
cases eventually supplied by the yolk cells. 

As in the earlier stage, so in the present one, the anatomical 
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relations of the yolk to the blastoderm in the one case (Elasmo- 
blanch) are nearly identical with those of the yolk cells to the 
blastoderm in the other (Amphibian). The main features in 
which the two emkyos differ, daring the stage under considera- 
tion, arise from the same cause as the solitary point of differ- 
ence doting the preceding stage. 

In Amjdiibians^ the alimentary cavity is formed coincidently 
with a true ingrowth of cells from the point where epiblast and 
hypoblast become ccnLtinuoos, and from this ingrowth the dorsal 
wall of the alimentary cavity is formed. The same ingrowth 
caoaes the obliteration of the segmentation cavity. 

In the Elasmobianchs, owing to the larger bulk of the lower 
layer cells caused by the food-yolk, these have been compelled 
to arrange themselves in their final position daring segmenta* 
tion, and no room is left for a true invagination ; but instead 
of this there is formed a simple split l>etween the blastoderm 
and the yolk. The homology of this with the primitive 
invagination is nevertheless proved by the survival of a 
number of features belonging to the ancestral condition in 
which a true invagination was present. Amongst the more 
impcHTtant of these are the following : — (1) The continuity of 
^nblast and hypoblast at the dorsal lip of the anus of Rus- 
conL (2) The continuous conversion of indifferent lower layer 
oeUs into hypoUast, which gradually extends backwards towards 
the segmentation cavity, and exactiy represents the course of 
the invagination whereby in Amj^bians the dorsal wall of 
the alimentary cavity is formed. (3) The obliteration of the 
segmentation cavity during the period when the pseudo-invagi- 
nation is occurring. 

The asymmetry of the gastrula or pseudo-gastrula in Cyclo- 
stomes, Am{^bians» Elasmobranchs and, I believe. Osseous 
Ushefl^ is to be explained by the form of the vertebrate body. 
In Amphioxus, where the small amount of food-yolk present is 
distributed uniformly, there is no reason why the invagination 
and resulting gastrula should not be symmetrical In other 
vertebrates, where more food-yolk is present, the shape and 
structure of the body render it necessary for the food-yolk to 
be stored away on the ventral side of the alimentary canal. 
This, combined with the unsymmetrical position of the anus. 
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which primitively corresponds in position with the blastopore 
or anus of Busconi, causes the asymmetry of the gastrula invagi- 
nation, since it is not possible for the part of ovum which will 
become the ventral wall of the alimentary canal, and which is 
loaded with food-yolk, to be invaginated in the same fsishion as 
the dorsal wall. From the astymmetiy, so caused, follow a large 
number of features in vertebrate development, which have been 
worked out in some detail in my paper already quoted \ 

Pro£ Haeckel, in a paper recently published^ appears to 
imply that because I do not find absolute invagination in 
Elasmobranchs, I therefore look upon Masmobranchs as mili*" 
tating against his Gastrsea theoiy. I cannot help thinking 
that Prof. Haeckel must have somewhat misunderstood my 
meaning. The importance of the Gastrsea theoiy has always 
appeared to me to consist not in the £EkCt that an actual in* 
growth of certain cells occurs — an ingrowth which might have 
many different meanings' — ^but in the fact that the types of 
early development of all animals can be easily derived from 
that of the typical gastiiila. I am perfectly in accordance with 
Professor Haeckel in regarding the type of Elasmobranch 
development to be a simple derivative from that of the gastrula, 
although believing it to be without any true ingrowth or inva- 
gination of cells. 

Professor Haeckel* in the paper just referred to published 
his view upon the mutual relationships of the various vertebrate 
blastoderms. In this paper, which appeared but shortly after 
my own* on the same subject, he has put forward views which 
differ from mine in several important details. Some of these 
bear upon the nature of food-yolk ; and it appears to me that 
Professor Haeckers scheme of development is incompatible 
with the view that the food-yolk in meroblastic eggs is the 
homologue of part of the hypoblast of the holoblastic eggs. 
The following is Professor Haeckers own statement of the 

* Quart. Jottm, of Micr, Science^ July, 1876. 

2 Die Gastrula u. Eifurchung d. Thiere, JenaUehe ZeiUchrift, Vol. ix. 

^ For instance, in Crustaceans it does not in some cases appear certain 
whether an invagination is the typical gastrula invagination, or only an invagi- 
nation by which, at a period subsequent to the gastrula invagination, the hind 
gut is frequently formed. 

* Loc, cit, 
^ Loc. cit. 
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scheme or type, which he regards as characteristic of mero- 
blastic eggs, pp. 98 and 99. 

Jetzt folgt der hochst wichtige nnd interessante Yorgang, den ich 
als Einstiilpang der Blastula auffasse und der ziir Bildung der 
Gastrula fuhi't (Fig. 63, 64) K Eb schlagt sich namlich der verdickte 
Saum der Keimscheibe, der "Eandwulsf oder das Properistom^ 
nach innen um und eine dtlnne Zellenschicht wachst als directe Fort- 
setzung desselben, wie ein immer enger werdendes Diaphragms, in 
die Keimhohle hinein. Diese Zellenschicht ist das entstehende En- 
toderm (Fig. 64 1, 74 i). Die Zellen, welche dieselbe zusammensetzen 
und aus dem innem Theile des Kandwulstes hervorwachsen, sind viel 
grosser aber flacher ais die Zellen der Keirahoblendecke und zeigen 
ein dunkleres grobkomiges Frotoplasma. Auf dem Boden der Keim- 
hohle, d. h. also aiif der Eiweisskugel des NabruDgsdotters, liegen sie 
unmittelbar auf und riicken hier durch centripetal e Wandernng 
gegen dessen Mitte vor, bis sie dieselbe zuletzt erreichen und nun- 
mehr eine zusammenhangende einschichtige Zellenlage auf dem ganzen 
Keimhohlenboden bilden. Diese ist die erste vollstandige Anlage 
des Darmblattfli, Entoderms oder "Hypoblasts", und von nun an 
konnen wir, im Gegensatz dazu den gesammten tibrigen Theil des 
Blastoderms, namlich die mehrschichtige Wand der Keimhohlendecke 
als Hautblatt, Exoderm oder "Epiblast" bezeichnen. Der ver- 
dickte Handwulst (Fig. 64 m?, 74 w\ in welchem beide primare Keim- 
blatter in einander Ubergehen, besteht Id seinem oberen und ausseren 
Theile aus Exodermzellen, in seinem untcren und inneren Theile aus 
Entodermzellen. 

In diesem Stadium eutspricht imser Fisclikeim einer Amphi- 
blastula^ welche mitten in der Invagination begi<iffen ist, und bei 
welcher die •entstehende Urdarmhohle eine grosse Dotterkugel auf- 
genommen hat. Die Invagination wird nunmehr dadurch vervoll- 
standigt und die Ckistrulabildung dadurch abgoschlossen, dass die 
Keimhohle verschwindet. Das wachsende Entoderm, dem die Dot- 
terkugel innig anhangt, wolbt sich in die letztere hinein und nahert 
sich so dem Exoderm. Die klare Flilssigkeit in der Keimhohle wird 
resorbirt und schliesslich legt sich die obere convexe Flache des 
Entoderms an die untere coneave des Exoderms eng an : die Gastrula 
jdes discoblastisch^i Eies oder die "Dis^cogastrula'' ist fertig (Fig. 
65, 76 ; Meridiandurchschnitt Fig 66, 75). 

Die Discogastrula unsers Knochenfisches in diesem Stadium der 
Tollen Ausbildung stellt nunmehr eine kreisrunde Kappe dar, welche 
wie ein gefiittertes Miitzchen fast die ganze obere Hemisphare der 
hyallnen Dotterkagel eng anliegend bedeckt (Fig. 65). Der Ueber- 
zug des Mtttzchens entspricht dem Exoderm (e), sein Futter dem 
Entoderm (i). Ersteres besteht aus drei Schichten von kleinereu 
Zellen, letzteres aus einer einzigen Schicht von grosseren Zellen. 
Die Exodermzellen (Fig. 77) messen 0,006 — 0,009 Mm., und haben 
ein klares, sehr feinkorniges Frotoplasma. Die Entodermzellen (Fig. 

1 The references in this quotation are to the figures in the original. 
B. ^ 5 
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78) ine«Ben 0,02 — 0,03 Mm. iind ihr Frotoplasma ist mehr grobkomig 
und trllber. Letztere bilden aucli den grossten Theil des Rand- 
wulstes, den wir nunmehr als TJrmundrand der Crastmla, als 
** Properiitoma" oder auch als " RuscoNi'schen After" bezeiclmen 
konnen. Der letztere umfasst die Dotterkugel, welche die ganze 
Urdarmhohle ausfUlltimd weit aus der dadurch verstopften TJrmtmd- 
OeffhuDg Torragt. 

My objections to the view so lucidly explained in the pas- 
sage just quoted, fall under two beads. 

(1) That the facts of development of the meroblastic eggs 
of vertebrates, are not in accordance with the views here 
advanced. 

(2) That even if these views be accepted as representing 
the actual facts of development, the explanation offered of these 
facts would not be satisfactory. 

Professor Haeckers views are absolutely incompatible with 
the facts of Elasmobranch development, if my investigations are 
correct. 

The grounds of the incompatibility may be summed up 
under the following heads : 

(1) In Elasmobranchs the hjrpoblast cells occupy, even 
before the close of segmentation, the position which, on Pro- 
fessor HaeckeFs view, they ought only eventually to take up 
after being involuted from the whole periphery of the blasto- 
derm. 

(2) There is no sign at any period of an invagination of 
the periphery of the blastodenn, and the only structure (the 
embryonic rim) which could be mistaken for such an invagina- 
tion is confined to a very limited arc. 

(3) The growth of cells to form the floor of the segmenta- 
tion cavity, which ought to be part of this general invagination 
from the periphery, is mainly due to a formation of cells from 
the yolk. 

It is this ingrowth of cells for the floor of the segmenta- 
tion cavity which, I am inclined to think. Professor Haeckel 
has mistaken for a general invagination in the Osseous Fish he 
has investigated. 

(4) Professor Haeckel fails to give an account of the asjnn- 
metry of the blastoderm; an asymmetry which is unquestion- 
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ably also present in the blastodenn of most Osseous Fishes, 
though not noticed by Professor Haeckel in the investigations 
recorded in his paper. 

The facts of development of Osseous Fishes, upon which Pro- 
fessor Haeckel rests his views, are too much disputed, for their 
discussion in this place to be proj&table \ The eggs of Osseous 
Fishes appear to me unsatisfactory objects for the study of this 
question, partly on account of all the cells of the blastoderm 
being so much alike, that it is a very diflScult matter to 
distinguish between the various layers, and, partly, because 
there can be little question that the eggs of existing Osseous 
Fishes are very much modified, through having lost a great 
part of the food-yolk possessed by the eggs of their ancestors'. 
This disappearance of the food-yolk must, without doubt, 
have produced important changes in development, which would 
be especially marked in a pelagic egg, like that investigated 
by Professor Haeckel. 

The Avian egg has been a still more disputed object than 
even the egg of the Osseous Fishes. The results of my own 
investigations on this subject do not accord with those of Dr 
Gotte, or the views of Professor Haeckel*. 

1 A short statement by EowaleYsky on this snbject in a note to his account of 
the development of Ascidians, would seem to indicate that the type of development 
of Osseous Fishes is preeiselj the same as that of Elasmobranchs. Kowidevsky 
says, Arch, f, Micr. Anat, Vol. vii. p. 114, note 5, " According to my observa- 
tions on Osseous Fishes the gerpunal wall consists of two layers, an upper and 
lower, which are continuous with one another at the border. From the upper 
one develops skin and nervous system, from the lower hypoblast and mesoblast." 
This stat^ent, which leaves unanswered a number of important questions, is 
too short to serve as a basis for supporting my views, but so far as it goes its 
agreement with the facts of Elasmobranch development is undoubtedly striking. 

* The eggs of the Osseous Fishes have, I believe, undergone changes of the 
same character, but hot to the same extent, as those of Mammalia, which, 
accorduig to the views expressed both by Professor Haeckel and myself, are 
degenerated from an ovum with a large food-yolk. The grounds on which I 
regard Uie eggs of Osseous Fishes as having undergone an luoalogous change, are 
too foreign to the subject to be stated here. 

* I fbid myself unable without figures to understand Dr Bauber*s {Central- 
blatt f&T Med. Wiss. 1874, No. 50; 1875, Nos. 4 and 17) views with sufficient 
precision to aceord to them either my assent or dissent. It is quite in accord- 
ance with the view propounded in my paper (loc, cit.) to regard, with Dr Bauber 
and Professor Haeckel, the thickened ed^ of the blastoderm as the homologue 
of the lip of the blastopore in Amphioxus ; though an invagination, in the manner 
imagined by Professor Haeckel, is no necessary consequence of this view. If Dr 
Bauber regards the whole egg of the bird as the homologue of that of Amphioxus, 
and the inclosure of the yolk by the blastoderm as the equivalent to the process 
of invagination in Amphioxus, then his views are practically in accordance with 
my own. 
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Apart from disputed points of development, it appears 
to me that a comparative account of the development of the 
meroblastic vertebrate ova ought to take into consideration the 
essential differences which exist between the Avian and Piscian 
blastoderms, in that the embryo is situated in the centre of the 
blastoderm in the first case and at the edge in the second^. 

This difference entails important modifications in develop- 
ment, and must necessarily affect the particular points under 
discussion. As a result of the different positions of the embryo 
in the two cases, there is present in Elasmobranchs and Osseous 
Fishes a true anus of Rusconi, or primitive opening into the 
alimentary canal, which is absent in Birds. Yet in neither 
Elasmobranchs' nor Osseous Fishes does the anus of Rusconi 
correspond in position with the point where the final closing in 
of the yolk takes place, but in them this point corresponds 
rather with the blastopore of Birds'. 

Owing also to the respective situations of the embryo in the 
blastoderm, the alimentary and neural canals communicate 

^ I have snggested in a previons paper {^^Comparison,^^ Ac.^ Quart. Journal of 
Micr, Science, July, 1876) that the position occupied by the embryo of Birds at 
the centre, and not at the periphery, of the blastoderm may be dae to an abbre< 
Tiation of the process by which the Elasmobranch embryos cease to be situated 
at the edge of the blastoderm {vide p. 81 and PI. yiii. fig. 1, 2). Assuming this 
to be the real explanation of the position of the embryo in birds, 1 feel inclined 
to repeat a speculation which I made some time ago with reference to the primi- 
tive streak in Birds {Quart. Joum. of Micr. Science, 1873, p. 280). In Birds 
there is, as is well known, a structure called the primitive streak, which has 
been shown by the observations of Dursy, corroborated by my observations {loc. 
eit.), to be situated behind the medullary groove, and to take no part in the 
formation of the embryo. I further showed that the peculiar fusion of epiblast 
and mesoblast, called by His the axis cord, was confined to this structure and did 
not occur in other parts of the blastoderm. Nearly similar results have been 
recently arrived at by Hensen with reference to the primitive streak in Mam- 
mals. The position of the primitive streak immediately behind the embryo 
suggests the speculation that it may represent the line along which the edges of 
the blastoderm coalesced, so as to give to the embryo the central position which 
it has in the blastoderms of Birds and Mammals, and that the peculiar fusion 
of epiblast and mesoblast at this point may represent the primitive continuity 
of epiblast and lower layer cells at the dorsal lip of the anus of Busconi in 
Elasmobranchs. I put this speculation forwards as a mere suggestion, in the 
hope of elucidating the peculiar structure of the primitive streak, which not 
improbably may be found to be the keystone to the nature of the blastoderm of 
the higher vertebr&tes. 

* Vide p. 81 and Plate vni. fig. 1 and 2, and Self, " Comparison" &c., loc.cit. 

' The relation of the anus of Busconi and blastopore in Elasmobranchs was 
fully explained in the paper above quoted. It was there clearly shown that 
neiUier the one nor the other exactly corresponds with the blastopore of Amphi- 
oxus, but that the two together do so. I^ofessor Haeckel states that in the 
Osseous Fish investigated by him the anus of Busconi and the blastopore coin- 
cide. This is not the case in the Salmon. 
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posteriorly in Elasmobranchs and Osseous Fishes, but not in 
Birds. Of ail these points Professor Haeckel makes no mention. 

The support of his views which Prof. Haeckel attempts to 
gain from Gotte's researches in Mammalia is completely cut 
away by the recent discoveries of Van Beneden^ and Hensen*. 

It thus appears that Professor ECaeckeFs views but ill accord 
with the facts of vertebrate development; but even if they were 
to do so completely it would not in my opinion be easy to give 
a rational explanation of them. 

Professor Haeckel states that no sharp and fast Hue can be 
drawn between the types of 'unequal' and 'discoidal' segmenta- 
tion'. In the cases of unequal segmentation he admits, as is 
certainly the case, that the larger yolk cells (hypoblast) are 
simply enclosed by a growth of the epiblast around them; which 
is to be looked on as a modification of the typical gastrula inva- 
gination, necessitated by the laige size of the yolk cells {vide 
Professor Haeckel's paper, Taf. ii. fig. 30). In these instances 
there is no commencement of an ingrowth in the manner 
supposed for merohlastic ova. 

When the food-yolk becomes more bulky, and the hypoblast 
does not completely segment, it is not easy to understand why 
an ingrowth, which had no existence in the former case, should 
occur; nor where it is to come from. Such an ingrowth as is 
supposed to exist by Professor Haeckel would, in fact, break 
the continuity of development between meroblastic and holo- 
blastic ova, and thus destroy one of the most important results 
of the Qastraea theory. 

It is quite easy to suppose, as I have done, that in the cases 
of discoidal segmentation, the hypoblast (including the yolk) 
becomes enclosed by the epiblast in precisely the same manner 
as in the cases of unequal segmentation. 

But even if Professor H^ckel supposes that in the unseg- 
mented food-yolk a fresh element is added to the ovum, it 
remains quite unintelligible to me how an ingrowth of cells from 
a circumferential line, to form a layer which had no previous 

^ DSveloppement Enibryonnaire des Mammiferes, Bulletin de VAcad. r, d. 
Belgique, 1876. 

* Loc, eit. 

3 For an explanation of these terms, vide Prof. HaeokeFs original paper or 
the ahstraet in Quart, Joum, of Micr, Science for January, 1876. 
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existence, can be equivalent to, or derived from, the invagina- 
tion of a layer, which exists before the process of invagina- 
tion begins, and which remains continuous tliroughout it. 

If Professor HaeckeVs views should eventually turn out to 
be in accordance with the facts of vertebrate development, it 
will, in my opinion, be very difficult to reduce them into 
conformity with the Gastraea theory. 

Although some space has been devoted to an attempt to 
refute the views of Professor Haeckel on this question, I wish 
it to be clearly understood that my disagreement from his 
opinions concerns matters of detail only, and that I quite 
accept the Gastraea theory in its general bearings. 



Observations upon the formation of the layers in Elas- 
mobranchs have hitherto been very few in number. Those 
published in my preliminary account of these fishes are, I 
believe, the earliest \ 

Since then there has been published a short notice on the 
subject by Dr Alex. Schultz*. His observations in the main 
accord with my own. He apparently speaks of the nuclei of 
the yolk as cells, and also of the epiblast being more than one 
cell deep. In Torpedo alone, amongst the genera investigated 
by me, is the layer of epiblast, at about the age of the last 
described embryo, composed of more than a single row of cells. 

1 I omit all reference to a paper published in Russian by Prof. Kowalevsky. 
Being unable to translate it, and the illustrations being too meagre to be in 
themselves of much assistance, it has not been possible for me to make any 
use of it. 

a Centralblatt f. Med. Wiss. No. 33, 1875. 



CHAPTER IV. 



The General Features of the Elasmobranch Embryo 

AT successive STAGES. 

No complete series of figures, representing the various 
stages in development of an Elasmobranch Embryo, has 
hitherto been published. With the view of supplying this 
deficiency Plates VI. and VIL have been inserted. The 
embryos represented in these two Plates form a fairly com- 
plete series^ but do not all belong to a single species. Those 
on PL VI., with the exception of G, are embryos of Pristi- 
urus; G being an embryo of Torpedo. Those on PI. Vil., 
excepting K, which is a Pristiurus embryo, are embryos of 
Scyllium canicula. All the embryos on PI. vil. were very 
accurately drawn from nature by my sister, Miss A. B. Balfour. 
Unfortunately the exceptional beauty and clearness of the 
originals is all but lost in the lithographs. To facilitate 
future description, letters will be employed in the remainder 
of these pages to signify that an embiyo being described is 
of the same age as the embryo on these Plates to which the 
letter used refers. Thus an embryo of the same age as L will 
be spoken of hereafter as belonging to stage L. 

A. 

This figure represents a hardened blastoderm at a stage 
when the embryo-swelling (e,8.) has become obvious, but 
before the appearance of the medullary groove. The posi- 
tion of the segmentation cavity is indicated by a slight swell- 
ing of the blastoderm {s. c). The shape of the blastoderm, in 
hardened specimens, is not to be relied upon, owing to the 
traction which the blastoderm undergoes during the process of 
removing the yolk from the egg-shell. 

B. 

B is the view of a fresh blastoderm. The projecting part 
of this, already mentioned as the ' embryonic rim', is indicated 
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by the shading. At the middle of the embryonic rim is to be 
seen the rudiment of the embryo {m.g^. It consists of an 
area of the blastoderm^ circumscribed on its two sides and at 
one end, by a slight fold, and whose other end forms part of 
the edge of the blastoderm. The end of the embryo which 
points towards the centre of the blastoderm is the head end, 
and that which forms part of the edge of the blastoderm is 
the tail end. To retain the nomenclature usually adopted 
in treating of the development of the Bird, the fold at the 
anterior end of the embryo may be called the head fold, and 
those at the sides the side folds. There is in Eiasmobranchs 
no tail fold, owing to the position of the embryo at the peri- 
phery of the blastoderm, and it is by the meeting of the three 
above-mentioned folds only, that the embryo becomes pinched 
off from the remainder of the blastoderm. Along the median 
line of the embryo is a shallow groove (m. ^.), the well-known 
medullary groove of vertebrate embryology. It flattens out 
both anteriorly and posteriorly, and is deepest in the middle 
part of its course. 

C. 

This embryo resembles in most of its features the embryo 
last described. It is, however, considerably larger, and the 
head-fold and side-folds have become more pronounced struc- 
tures. The medullary groove is far deeper than in the earlier 
stage, and widens out anteriorly. This anterior widening is the 
first indication of a distinction between the brain and the 
remainder of the central nervous system, a distinction which 
arises long before the closure of the medullary canal. 

D. 

This embryo is far larger than the one last described, but 
the increase in length does not cause it to project beyond the 
edge of the blastoderm, but has been due to a growth inwards 
towards the centre of the blastoderm. The head is now indi- 
cated by an anterior enlargement, and the embryo also widens 
out posteriorly. The posterior widening {t s.) is formed by a 
pair of rounded prominences, one on each side of the middle 
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line. These are very conspicuous organs during the earlier 
stages of development, and consist of two large aggregations of 
mesoblast ceUs. In accordance with the nomenclature adopted 
in my preliminary paper*, they may be called * tail-swellings'. 
Between the cephalic enlargements and the tail-swellings is 
situated the rudimentary trunk of the embryo. It is more 
completely pinched off from the blastoderm than in the last 
described embryo. The medullary groove is of a fairly uniform 
size throughout the trunk of the embryo, but flattens out and 
vanishes completely in the region of the head. The blastoderm 
in Pristiurus and Scyllium grows very rapidly, and has by this 
stage attained a very considerable size; but in Torpedo its 
growth is very slow. 

E and R 

These two embryos may be considered together, for, al- 
though they differ in appearance, yet they are of an almost 
identical age ; and the differences between the two are purely 
external E appears to be a little abnormal in not having the 
cephalic region so distinctly marked off from the tinmk as is 
usual The head is prop(»rtionally larger than in the last stage, 
and the tail-swellings remain as conspicuous as before. The 
folding off from the blastoderm has progressed rapidly, and the 
head and tail are quite separated from it. The medullary 
groove has become closed posteriorly in both embryos, but the 
closing has extended fiurther forwards in F than in E. In F 
the medullary folds have not only united posteriorly, but have 
very nearly effected a fresh junction in the region of the neck. 
At this point a second junction of the two medullary folds is in 
fact actually effected before the posterior closing has extended 
forwards so far. The later junction in the region of the neck 
corresponds in position with the point, where in the Bird the 
medullary folds first unite. No trace of a medullary groove is 
to be met with in the head, which simply consists of a wide 
flattened plate. Between the two tail-swellings surface views 
present the appearance of a groove, but this appearance is de- 
ceptive, since in sections no groove, or at most a very slight 
one, is perceptible. 

1 Quart, Journ. Micr, Science, Oct. lS7i. 
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G. 

During the preceding stages growth in the embryo is very 
slow^ and considerable intervals of time elapse before any 
perceptible changes are effected. This state of things now 
becomes altered, and the future changes succeed each other 
with far greater rapidity. One of the most important of these, 
and one which first presents itself during this stage, is the dis- 
appearance of the yolk spherules from the embryonic cells, and 
the consequently increased transparency of the embryo. As a 
result of this, a number of organs, which in the earlier stages 
were only to be investigated by means of sections, now become 
visible in the living embryo. 

The tail-swellings (t.8,) are still conspicuous objects at the 
posterior extremity of the embryo. The folding off of the 
embryo from the yolk has progressed to such an extent that it 
is now quite possible to place the embryo on its side and 
examine it from that point of view. 

The embryo may be said to be attached to the yolk by 
a distinct stalk or cord, which in the succeeding stages gra- 
dually narrows and elongates, and is known as the umbilical 
cord {80,s,). The medullary canal has now become completely 
closed, even in the region of the brain, where during the last 
stage no trace of a medullary groove had appeared. Slight 
constrictions, not perceptible in views of the embryo as a 
transparent object, mark off three vesicles in the brain. These 
vesicles are known as the fore, mid, and hind brain. From the 
fore-brain there is an outgrowth on each side, the first rudi- 
ment of the optic vesicle (op,). 

The mesoblast on each side of the body is divided into 
a series of segments, known as protovertebrae or musde-plates, 
the first of which lies a little behind the head. The mesoblast 
of the tail has not as yet undergone this segmentation. There 
are present in all seventeen segments. These first appeared 
at a much earlier date, but were not visible owing to the 
opacity of the embryo. 

Another structure which became developed in even a 
younger embryo than C is now for the first time visible in 
the living embryo. This is the notochord : it extends from 
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almost the extreme posterior to the anterior end of the embryo. 
It lies between the ventral wall of the spinal canal and the 
dorsal wall of the intestine ; and round its posterior end 
these two walls become continuous with each other {vide fig.). 
Anteriorly the termination of the notochord cannot be seen, 
it can only be traced into a mass of mesoblast at the base 
of the brain, which there separates the epiblast from the hypo- 
blast. The alimentary canal (al.) is completely closed anteriorly 
and posteriorly, though still widely open to the yolk-sac in the 
middle part of its course. In the region of the head it exhi- 
bits on each side a slight bulging outwards, the rudiment of 
the first visceral cleft. This is represented in the figure by two 
lines (i v. c). The visceral clefts at this stage consist of 
a pair of simple diverticula from the alimentary canal, and 
there is no communication between the throat and the ex- 
terior. 

H. 

The present embryo is far larger than the last, but it has 
not been possible to represent this increase in size in the 
drawings. Accompanying this increase in size, the folding off 
of the embryo from the yolk has considerably progressed, and 
the stalk which unites the embryo with the yolk is propor- 
tionately narrower and longer than before. 

The brain is now very distinctly divided into the three 
lobes, whose rudiments appeared during the last stage. From 
the foremost of these, the optic vesicles now present themselves 
as well-marked lateral outgrowths, towards which there appears 
a growing in, or involution, from the external skin (op,) to form 
the lens. The opening of this involution is represented by the 
dark spot in the centre. 

A fresh organ of sense, the auditory sac, now for the 
first time becomes visible as a shallow pit in the external skin 
on each side of the hind-brain (au. v.). The epiblast which is 
involuted to form this pit becomes much thickened, and 
thereby the opacity, indicated in the figure, is produced. 

The muscle-plates have greatly increased in number by 
the formation of fresh segments in the tail. Thirty-eight of 
them were present in the embryo figured. The mesoblast at 
the base of the brain has increased in quantity, and there is 
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still a certain mass of unsegmented mesoblast which forms 
the tail-swellings. The first rudiment of the heart becomes 
visible during this stage as a cavity between the mesoblast 
of the splanchnopleure and the hypoblast (kt). 

The fore and hind guts are now longer than they were. A 
slight pushing in from the exterior to form the mouth has 
appeared (m.), and an indication of the future position of the 
anus is afforded by a slight diverticulum of the hind gut 
towards the exterior some little distance from the posterior 
end of the embryo (an,). The portion of the alimentary canal 
behind this point, though at this stage large, and even dilated 
into a vesicle at its posterior end (at v.), becomes eventually 
completely atrophied. In the region of the throat the rudi- 
ment of a second visceiul cleft has appeared behind the first ; 
neither of them are as yet open to the exterior. The number 
of visceral clefts present in any given Pristiurus embryo affords 
a very easy and simple way of determining its age. 

I. 

A great increase in size is again to be noticed in the 
embryo, but, as in the case of the last embryo, it has not 
been possible to represent this in the figure. The stalk con- 
necting the embryo with the yolk has become narrower and 
more elongated, and the tail region of the embryo propor- 
tionately far longer than in the last stage. During this stage 
the first spontaneous movements of the embryo take place, 
and consist in somewhat rapid excursions of the embryo from 
side to side, produced by a serpentine motion of the body. 

The cranial flexure, which commenced in stage G, has 
now become very evident, and the mid-brain* begins to project 
in the same manner as in the embryo fowl on the third day, 
and will soon form the anterior termination of the long axis 
of the embryo. The fore-brain has increased in size and dis- 
tinctness, and the anterior part of it may now be looked on 
as the impaired rudiment of the cerebral hemispheres. 

Further growths have taken place in the organs of sense, 

1 The part of the brain which I have here called mid-brain, and which 
nnquestionably corresponds to the part called mid-brain in the embryos of higher 
vertebrates, becomes in the adult what Miklucho-Maclay and Gegenbanr called 
the vesicle of the third ventricle or thalamencephalon. I shall always speak 
of it as the mid-brain. 
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especially in the eye, in which the involution for the lens 
has made considerable progress. The number of the muscle- 
plates has again increased, but there is still a region of un- 
segmented mesoblast in the taiL The thickened portions of 
mesoblast which caused the tail-swellings are still to be seen 
and would seem to act as the reserve from which is drawn the 
matter for the rapid growth of the tail, which occurs soon after 
this. The mass of the mesoblast at the base of the braiu has 
again increased. No fr^sh features of interest are to be seen in 
the notochord. The heart is now much more conspicuous than 
before, and its commencing flexure is very apparent. It now 
beats actively. The hind gut especially is much longer than 
in the last specimen; and the point where the anus will 
appear is very easily detected by the bulging out of the gut 
towards the external skin at that point {an,). The alimentary 
vesicle, first observable during the last stage, is now a more 
conspicuous organ {al, v,). Three visceral clefts, none of which 
are as yet open to the exterior, may now be seen. 

K. 

The figures G, H, I are representations of living and trans- 
parent embryos, but the remainder of the figures are drawings 
of opaque embryos which were hardened in chromic acid. 

The stalk connecting the embryo with the yolk is now, com- 
paratively speiaking, quite narrow, and is of sufficient length to 
permit the embryo to execute considerable movements. 

The tail has grown immensely, but is still dilated terminally. 
This terminal dilatation is mainly due to the alimentary vesicle, 
but the tract of gut connecting this with the gut in front of the 
anus is now a solid rod of cells and very soon becomes com- 
pletely atrophied. 

The two pairs of limbs have appeared as elongated ridges 
of epiblast. The anterior pair is situated just at the front 
end of the umbilical stalk ; and the posterior pair, which is 
the more conspicuous of the two, is situated some little distance 
behind the stalk. 

The cranial flexure has greatly increased, and the angle 
between the long axis of the front part of the head and of the 
body is less than a right angle. The conspicuous mid-brain 
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forms the anterior tennination of the long axis of the body. 
The thin roof of the fourth ventricle may in the figure be 
noticed behind the mid-brain. The auditory sac is nearly 
closed and its opening is not shown in the figure. In the eye 
the lens is completely formed. 

Owing to the opacity of the embryo, the muscle-plates are 
only indistinctly indicated, and no other features of the meso- 
blast are to be seen. 

The mouth is now a deep pit, whose borders are almost com- 
pletely formed by the thickening in front of the first visceral cleft, 
which may be called the first visceral arch or mandibular arch. 

Four visceral clefts are now visible, all of which are open to 
the exterior, but in a transparent embryo one more, not open to 
the exterior, would have been visible behind the last of these. 

L. 

This embryo is considerably older than the one last de- 
scribed, but growth is not quite so rapid as might be gathered 
from the fact that L is nearly twice as long as K, since the two 
embryos belong to dijQTerent genera ; and the Scyllium embryos, 
of which L is an example, are larger than Pristiurus embryos. 
The umbilical stalk is now quite a narrow elongated structure, 
whose subsequent external changes are very unimportant, and 
consist for the most part merely in an increase in its length. 

The tail has again grown greatly in length, and its terminal 
dilatation together with the alimentary vesicle contained in it, 
have both completely vanished. A dorsal and ventral fin are 
now clearly visible; they are continuous throughout their whole 
length. The limbs have grown and are more easily seen than 
in the previous stage. 

Great changes have been effected in the head, resulting in a 
diminution of the cranial flexure. This diminution is never- 
theless apparent rather than real, and is chiefly due to the rapid 
growth of the rudiment of the cerebral hemispheres. The three 
main divisions of the brain may still be clearly seen from the 
surface. Posteriorly is situated the hind-brain, now consisting 
of the medulla oblongata and cerebellum. At the anterior 
part of the medulla is to be seen the thin roof of the fourth 
ventricle, and anteriorly to this again the roof becomes thickened 
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to form the rudiment of the cerebellum. Iq front of the hind- 
brain lies the mid-brain, the roof of which is formed by the 
optic lobes, which are still situated at the front end of the long 
axis of the embryo. 

Beyond the mid-brain is placed the fore-brain, whose growth 
is rapidly rendering the cranial flexure imperceptible. 

The rudiments of the nasal sacs are now clearly visible as a 
pair of small pits. The pits are widely open to the exterior, 
and are situated one on each side, near the front end of the 
cerebral hemispheres. Five visceral clefts are open to the 
exterior, and in them the external gills have commenced to 
appear (L'). 

The first cleft is no longer similar to the rest, but has com- 
menced to be metamorphosed into the spiracle. 

Accompanying the change in position of the first cleft, the 
mandibular arch has begun to bend round and enclose the front 
as well as the side of the mouth. By this change in the mandi- 
bular arch the mouth becomes narrowed in an antero-posterior 
direction. 

M. 

Of this embryo the head alone has been represented. Two 
views of it are given, one (M) from the side and the other (M') 
from the under surface. The growth of the front part of the 
head has considerably diminished the prominence of the cranial 
flexure. The full complement of visceral clefts is now present — 
six in all. But the first has already atrophied considerably, and 
may easily be recognised as the spiracle. In Scyllium, there 
are present at no period more than six visceral clefts. The first 
visceral arch on each side has become bent still further round, 
to form the front border of the mouth. The opening of the 
mouth has in consequence become still more narrowed in an 
antero-posterior direction. The width of the mouth in this 
direction, serves for the present and for some of the subsequent 
stages as a very convenient indication of age. 

N. 

The limbs, or paired fins, have now acquired the general 
features and form which they possess in the adult. 

The unpaired fins have now also become divided in a 
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manner not only cliaracteiistic of the Elasmobranchs but even 
of the genus Scyllium. 

There is a tail fin, an anal fin and two dorsal fins, both 
the latter being situated behind the posterior paired fins. 

In the head may be noticed a continuation of the rapid 
growth of the anterior part 

The mouth has become far more narrow and slit-like ; and 
with many other of the organs of the period commences to 
approach the form of the adult 

The present and the three preceding stages show the gradual 
changes by which the first visceral arch becomes converted into 
the rudiments of the upper and of the lower jaw. The fact 
of the conversion was first made known through the investi- 
gations of Messrs Parker and Gegenbaur. 

O. 

In this stage the embryo is very rapidly approaching the 
form of the adult 

This is especially noticeable in the fins, which project in a 
manner quite characteristic of the adult fish. The mouth is 
slit-like, and the openings of the nasal sacs no longer retain 
their primitive circular outline. The external gills project 
from all the gill-slits including the spiracle. 

P. 

The head is rapidly elongating by the growth of the snout, 
and the divisions of the brain can no longer be seen with 
distinctness from the exterior, and, with the exception of the 
head and of the external gills, the embryo almost completely 
resembles the adult. 

Q. 

The snout has grown to such an extent, that the head has 
nearly acquired its adult shape. In the form of its mouth 
the embryo now quite resembles the adult fish. 



This part of the subject may be conveniently supplemented 
by a short description of the manner in which the blastoderm 
encloses the yolk. It has been already mentioned that the 
growth of the blastoderm is not uniform. The part of it in the 
immediate neighbourhood of the embryo remains compara- 
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tively stationary; while the growth elsewhere is very rapid. 
From this it results that that part of the edge of the blas- 
toderm where the embryo is attached forms a bay In the other- 
wise regular outline of the edge of the blastoderm. By the 
time that one-half of the yolk Is enclosed the bay Is a very con- 
spicuous feature (PI. VIIL fig. 1). In this figure bl. points to 
the blastoderm, and yk. to the part of the yolk not yet enclosed 
by the blastoderm. 

Shortly subsequent to this the bay becomes obliterated by 
its two sides coming together and coalescing, and the embryo 
ceases to lie at the edge of the yolk. 

This stage is represented on PI. viii. fig. 2. In this figure 
there is only a small patch of yolk not yet enclosed (yk), 
which is situated at some little distance behind the embryo. 
Throughout all this period the edge of the blastoderm has 
remained thickened, a feature which persists till the complete 
investment of the yolk, which takes places shortly after the stage 
last figured. In this thickened edge a circular vein arises, which 
brings back the blood from the yolk-sac to the embryo. The 
opening in the blastoderm (PL viii. fig. 2 yk.), exposing the 
portion of the yolk not yet enclosed, may be conveniently called 
the blastopore, according to Professor Lankester's nomenclature. 

The interesting feature which characterizes the blastopore 
in Elasmobranchs is the fact of its not corresponding in position 
with the opening of the anus of Rusconi. We thus have in 
Elasmobranchs two structures, each of which corresponds in part 
with the single structure in Amphloxus which may be called 
either blastopore or anus of Rusconi, which yet do not In Elas- 
mobranchs coincide In position. It Is the blastopore of Elas- 
mobranchs which has undergone a change of position, owing 
to the unequal growth of the blastoderm ; while the anus of 
Rusconi retains Its normal situation. In Osseous Fishes the 
blastopore undergoes a similar change of position. The possi- 
bility of a change In position of this structure Is peculiarly 
interesting, In that it possibly serves to explain how the blasto- 
pore of different animals corresponds in different cases with the 
anus or the mouth, and has not always a fixed situation \ 

^ For a fuller disca^sion of this question vide Self, * A comparison of the early 
stages of development in vertebrates.* Quart. Joum. ofMicr. Science j July, 1875. 

B. 6 



CHAPTER V. 

Stages B to G. 

The present chapter deals with the history of the development 
of the Elasmobranch embryo from the period when the medul- 
lary groove first arises till that in which it becomes completely 
closed, and converted into the medullary canal. The majority 
of the observations recorded were made on Pristiurus embryos, 
a few on embryos of Torpedo. Where nothing is said to the 
contrary the statements made apply to the embryos of Pristiurus 
only. 

The general external features for this period have already 
been given in sufficient detail in the last chapter ; and I 
proceed at once to describe consecutively the history of the 
three layers. 

General features of the EpihUbst. 

At the commencement of this period, during the stage inter- 
mediate between B and C, the epiblast is composed of a single 
layer of cells. (PI. IX. fig. 1.) 

These are very much elongated in the region of the embryo, 
but flattened in other parts of the blastoderm. Throughout 
they contain numerous yolk spherules. 

In a Torpedo embryo of this age (as determined by the con- 
dition of the notochord) the epiblast presents a very different 
structure. It is composed of small spindle-shaped cells several 
rows deep. The nuclei of these are very large in proportion to 
the cells containing them, and the yolk spherules are far less 
numerous than in the cells of corresponding Pristiurus embryos. 

During stage C the condition of the epiblast does not under- 
go any important change, with the exception of the layer be- 
coming much thickened, and its cells two or three deep in the 
anterior parts of the embr3^o. (PL ix. fig. 2.) 
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In the succeeding stages that part of the epiblast, which will 
form the spinal cord, gradually becomes two or three cells deep. 
This change is eflFected by a decrease in the length of the cells 
as compared with the thickness of the layer. In the earlier 
stages the cells are wedge-shaped with an alternate arrange- 
ment, so that a decrement in the length of the cells at once 
causes the epiblast to be composed of two rows of interlocking 
cells. 

The lateral parts of the epiblast which form the epidermis of 
the embryo are modified in quite a different manner to the 
nervous parts of the layer, becoming very much diminished in 
thickness and composed of a single row of flattened cells, 
PI. IX. fig. 3. 

Till the end of stage F, the epiblast cells and indeed all the 
cells of the blastoderm retain their yolk spherules, but the epi- 
blast begins to lose them and consequently to become transpa- 
rent in stage G. 

Medullary Groove, 

During stage B the meduUaiy groove is shallow posteriorly, 
deeper in the middle part, and flattened out again at the 
extreme anterior end of the embryo. PI. v. fig. 10, ah c, 

A similar condition obtains in the stage between B and C, 
but the canal has now in part become deeper. Anteriorly no 
trace of it is to be seen. In stage C it exhibits the same general 
features (Plate ix. fig. 2 a 26 2 c). 

By stage D we find important modifications of the canal. 

It is still shallow behind and deep in the dorsal region, 
Plate IX. fig. Zd Ze 3/; but the anterior flattened area in the 
last stage has grown into a round flat plate which may be called 
the cephalic plate, Plate vi. D and Plate ix. fig. 3 a 36 3 c. 
This plate becomes converted into the brain. Its size and 
form give it a peculiar appearance, but the most remarkable 
feature about it is the ventral curvature of its edges. Its edges 
do not, as might be expected, bend dorsalwards towards each 
other, but become sharply bent in a ventral direction. This 
feature is for the first time apparent at this stage, but becomes 
more conspicuous during the succeeding ones, and attains its 
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maximum in stage F (Plate ix. fig. 5), in which it mightal most 
be supposed that the edges of the cephalic plate were about to 
grow downwards and meet on the ventral side of the embryo. 

In the stages subsequent to D the posterior part of the 
canal deepens much more rapidly than the rest (vide PL IX. 
fig. 4, taken from the posterior end of an embryo but slightly 
younger than F), and the medullary folds unite and convert 
the posterior end of the medullary groove into a closed canal 
(PI. VI. fig. F), while the groove is still widely open else- 
wlicre*. The medullary canal does not end blindly behind, but 
simply forms a tube net closed at either extremity. The im- 
portance of this fact will appear later. 

In a stage but slightly subsequent to F nearly the whole of 
the medullary canal becomes formed. This occurs in the usual 
way by the junction and coalescence of the medullary folds. In 
the course of the closing of the medullary groove the edges of 
the cephalic plate lose their ventral curvature and become bent 
up in the normal manner (vide PI. ix. fig. 6, a section taken 
through the posterior part of the cephalic plate), and the en- 
larged plate merely serves to enclose a dilated cephalic portion 
of the medullary canal. The closing of the medullary canal 
takes place earlier in the head and neck than in the back: The 
anterior end of the canal becomes closed and does not remain 
open like the posterior end. 

Elasmobranch embryos resemble those of the Sturgeon 
( Acipenser) and the Amphibians in the possession of a spatula- 
likc cephalic expansion: but so far as I am aware a ventral 
flexure in the medullary plates of the head has not been ob- 
served in other groups. 

The medullary canal in Elasmobranchs is formed precisely on 
the type so well recognised for all groups of vertebrates' with 
the exception of the Osseous Fishes. The only feature in any 
respect peculiar to these fishes is the closing of their medullary 
canal first commencing behind, and then at a second point 
in the cervical region. In those vertebrates in which the 
medullary folds do not unite at approximately the same time 

1 Vide Preliminary Account, etc. Q. Jl. Micros. Science^ Oct* 1874, PI. xrr. 
8 a. This and the other section from the same embryo (stage F) may be 
referred to. I have not thouglit it worth while repeating them here. 
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throughout their length, they appear usually to do so first in 
the region of the neck. 

Mesobldst 

The separation from the hypoblast of two lateral masses of 
mesoblast has already been described. Till the close of stage C 
the mesoblast retains its primitive bilateral condition unaltered. 
Throughout the whole length of the embryo, with the exception 
of the extreme front part, there are present two plates of rounded 
mesoblast cells, one on each side of the medullary groove. These 
plates are in very close contact with the hypoblast, and also 
follow with fair accuracy the outline of the epiblast. This 
relation of the mesoblast plates to the epiblast must not how- 
ever be supposed to indicate that the medullary groove is due 
to growth in the mesoblast: a view which is absolutely nega- 
tived by the manner of formation of the medullary groove in 
the head. Anteriorly the mesoblast plates thin out and com- 
pletely vanish. 

In stage D, the plates of mesoblast in the trunk undergo 
important changes. The cells composing them become an-anged 
in two layers (Plate IX. fig. 3), a splanchnic layer adjoining the 
hypoblast (sp), and a somatic layer adjoining the epiblast^ {so). 
Although these two layers are distinctly formed, they do not 
become separated at this stage in the region of the trunk, and 
in the trunk no true body-cavity is formed. 

By stage D the plates of mesoblast have ceased to be quite 
isolated, and are connected with the lower layer cells of the 
general blastoderm. 

Moreover the lower layer cells outside the embryo now 
exhibit distinct traces of a separation into two layers, one con- 
tinuous with the hypoblast, the other with the mesoblast. Both 
layers are composed of very flattened cells, and the mesoblast 
layer is often more than one cell deep, and sometimes exhibits 
a mesh-like arrangement of its elements. 

Coincidentally with the appearance of a differentiation into 
a somatic and splanchnic layer the mesoblast plates become 

^ I under-estimated the distinctness of this formation in my earlier paper, 
loc. cit., although I recognized the fact that the mesoblast cells became arranged 
in two distinct layers. 
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partially split by a series of transverse lines of division into pro- 
tovertebraD. Only the proximal regions of the plates become 
split in this way, while their peripheral parts remain quite intact 
As a result of this each plate becomes divided into a proximal 
portion adjoining the medullary canal, which is divided into 
protchvertebrcB, and may be called the verkiyral pUxte, and a 
peripheral portion not so divided, which may be called the 
lateral plate. These two parts are at this stage quite continu- 
ous with each other; and, as will be seen in the sequel, the 
body-cavity originally extends uninterruptedly to the summit 
of the vertebral plates. 

By stage D at the least ten protoverfcebrae have appeared. 

In Torpedo the mesoblast commences to be divided into 
two layers much earlier than in Pristiurus ; and even before 
stage C this division is more or less clearly marked. 

In the head and tail the condition of the mesoblast is by do 
moans the same as in the body. 

In the tail the plates of mesoblast become considerably 
thickened and give rise to two projections, one on each side, 
which have already been alluded to as caudal or tail-swellings ; 
vide PI. VI. figs. D, F, and PI. ix. fig. 3 /and fig. 4 ts. 

Those masses of mesoblast are neither divided into proto- 
vertebroe, nor do they exhibit any trace of a commencing dif- 
ferentiation into somatopleure and splanchnopleure. 

In the head, so far as I have yet been able to observe, the 
mesoblastic plates do not at this stage become divided into 
protovertebrse. The other changes exhibited in the cephalic 
region are of interest, mainly from the fact that here appears a 
cavity in the mesoblast directly continuous with the body-cavity 
(when that cavity becomes formed), but which appears at a 
very much earlier date than the body-cavity. This cavity can 
only be looked on in the light of a direct continuation of the 
body or peritoneal cavity into the head. Theoretical con- 
siderations with reference to it I propose reserving till I have 
described the changes which it undergoes in the subsequent 
periods. 

PI. IX. figures 3 a, 36 and 3 c exhibit very well the condition 
of the mesoblast in the head at this period. In fig. 3 c, a sec- 
tion taken through the back part of the head. The mesoblast 
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plates have nearly the same form as in the sections im- 
mediately behind. The ventral continuation of the mesoblast 
formed by the lateral plate has, however, become much thinner, 
and the dorsal or vertebral portion has acquired a more tri- 
angular form than in the sections through the trunk (fig. Sd 
and 3e). 

In the section (fig. 36) in front of this the ventral portion of 
the plate is no longer present, and only that part exists which 
corresponds with the vertebral division of the primitive plate 
of mesoblast. 

In this a distinct cavity, forming part of the body cavity, 
has appeared. 

In a still anterior section, fig. 3 a, no cavity is any longer 
present in the mesoblast; whilst in sections taken from the 
foremost part of the head no mesoblast is to be seen (vide 
PL IX. fig. 5, taken from the front part of the head of the 
embryo represented in PL Vl. fig. f). 

A continuation of the body-cavity into the head has already 
been described by Oellacher* for the Trout : but he believes 
that the cavity in this part is solely related to the formation 
of the pericardial space. 

The condition of the mesoblast undergoes no important 
change till the end of the period treated of in this chapter. 
The masses of mesoblast which form the tail-swellings become 
more conspicuous (PL IX. fig. 4) ; and indeed their convexity 
is so great that the space between them has the appear- 
ance of a median groove, even after the closure of the neural 
canal in the caudal region. 

In embryos of stage G, which may be considered to belong 
to the close of this period, eighteen protovertebrse are present 
both in Pristiurus and Torpedo embryos. 



The Alimentary Canal. 

The alimentary canal at the commencement of this period 
(stage B) forms a space between the embryo and the yolk, 
ending blindly in front, but opening posteriorly by a widish 

1 Zeitschrift f, wiss, Zoologie, 1873. 
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ulit-Iike aperture, which corresponds to the anus of Busconi 
(PL IV. fig. 7). 

The cavity anteriorly has a more or less definite form, 
having lateral walls, as well as a roof and floor (PL ▼• fig. 
106 and 10c). Posteriorly it is not nearly so definitely en- 
r;loMed (PL V. fig. 10a). The ventral wall of the cavity is 
formijd by yolk. But even in stage B there are b^^innings 
of a a^llular ventral wall derived from an ingrowth of ceUs from 
the two sides. 

Jiy stage C considerable progress has been made in the 
formation of the alimentary canal. Posteriorly it is as flattened 
and ind(;finite as during stage B (PL ix. figs. 2b and 2c). 
]5ut in the anterior part of the embryo the cavity becomes 
much deeper and narrower, and a floor of cells begins to be 
formcjd for it (PL ix. fig. 2); and, finally, in fix)nt, it forms a 
definite space completely closed in on all sides by cells (PL 
IX. fig. 2a). Two distinct processes are concerned in effect- 
ing these changes in the condition of the alimentary cavity. 
One of these is a process of folding off the embryo from the 
blfiHtoderm. The other is a simple growth of cells inde- 
pendent of any folding. To the first of these processes the 
depth and narrowness of the alimentary cavity is due; the 
Hiicond is concerned in forming its ventral wall. The combi- 
nation of the two processes produces the peculiar triangular 
section which characterises the anterior closed end of the 
alimentary cavity at this stage. The process of the folding off 
of the embryo from the blastoderm resembles exactly the 
similar process in the embryo bird. The fold by which the 
constricting off of the embryo is effected is a perfectly con- 
tinuous one, but may be conveniently spoken of as composed 
of a heml-fold and two lateral folds. 

i){ far greater interest than the nature of these folds is the 
formation of the ventral wall of the alimentary canal. This, as 
has been said, is effected by a growth of cells from the two 
sides to the middle line (PL [X. fig. 2). The cells for this 
are however not derived from pre-existing hypoblast cells, but 
are formed spontaneously around nuclei of the yolk. This fact 
can be determined in a large number of sections, and is fairly 
well shewn in PL ix. fig. 2na. The cells are formed in the 
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yolk, as has been already mentioned, by a simple aggregation 
of protoplasm around pre-existing nuclei. 

The cells being described are in most cases formed close to 
the pre-existing hypoblast cells, but often require to undergo a 
coDsiderable change of position before attaining their final 
situation in the wall of the alimentary canal. 

I have already alluded to this feature in the formation of 
the ventral wall of the alimentary cavity. Its interest, as bear- 
ing on the homology of the yolk, is considerable, owing to the 
fact that the so-called yolk-cells of Amphibians play a similar 
part in supplying the ventral epithelium of the alimentary 
cavity, as do the cells derived from the yolk in Elasmobranchs. 

The fact of this feature being common to the yolk-cells of 
Amphibians and the yolk of Elasmobranchs, supplies a strong 
argument in favour of the homology of the yolk-cells in the one 
case with the yolk in the other \ 



1 Nearly simultaneously with Chapter 111. of the present monograph on the 
Development of Elasmobranchs, which dealt in a fairly complete manner with 
the genesis of cells outside the blastoderm, theie appeared two important papers 
deaUng with the same subject for Teleostei. One of these, by Professor Bamb^ko, 
Embiyologie des Poissons Osseux, Mim, Cour. Acad, Belgique^ 1875, which 
appeared some little time before my paper, and a second by Dr Klein, Quart. Jour, 
of Micr, Set. April, 1876. In both of those papers a development of nuclei and 
of cells is described as occurring outside the blastoderm in a manner which 
accords fairly weU with my own observations. 

The conclusions of both these investigators differ however from my own. 
They regard the finely granular matter, in which the nuclei appear, as pertain- 
ing to the blastoderm, and morphologically quite distinct from the yolk. From 
their observations we can clearly recognize that the material in which the nuclei 
appear is far more sharply separated off from the yolk in Osseous Fish than in 
Elasmobranchs, and this sharp separation forms the main argument for the 
view of these authors. Dr Klein admits, however, that this granular matter 
(which be calls parablast) graduates in the typical food-yolk, though he explains 
this by supposing that the parablast takes up part of the yolk for the purpose of 
growth. 

It is clear that the argument from a sharp separation of yolk and parablast 
cannot have much importance, when it is admitted (1) that in Osseous Fish there 
is a gradation between the two substances, while (2) in Elasmobranchs the one 
merges slowly and insensibly into the other. 

The only other argument used by these authors is stated by Dr Klein in the 
following way. ** The fact that the parablast has, at the outset, been forming 
one unit with what represents the archiblast, and, while increasing Jias spread 
i.e. grown over the yolk which underlies the segmentation-cavity, is, I think, 
the most absolute proof that the yolk is as much different from the parablast as 
it is from the archiblast." This argument to me merely demonstrates that cer- 
tain of the nutritive elements of the yolk become in the course of development 
converted into protoplasm, a phenomenon which must necessarily be supposed 
to take place on my own as well as on Dr Klcin^s view of the nature of the yolk. 
My own views on the subject have already been fully stated. I regard the so- 
called yolk as composed of a larger or smaller amount of food-material imbedded 
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The history of the alimentary canal during the remainder 
of this period may be told briefly. 

The folding oflf and dosing of the alimentary canal in the 
anterior part of the body proceeds rapidly, and by stage D not 
only is a considerable tract of alimentary canal formed, but 
a great part of the head is completely folded off from the yolk 
(PL IX. fig. 3 a). By stage F a still greater part is folded ofi; 
The posterior part of the alimentary canal retains for a long 
period its primitive condition. It is not until stage F that it 
begins to be folded oflf behind. After the folding has once com- 
menced it proceeds with great rapidity, and before stage G, 
the hinder part of the alimentary canal becomes completely 
closed in. 

The folding in of the gut is produced by two lateral folds, 
and the gut is not closed posteriorly. 

It may be remembered that the neural canal also remained 
open behind. Thus both the neural and alimentary canals are 
open behind ; and, since both of them extend to the posterior 
end of the body, they meet there, their walls coalesce, and a 
direct communication from the neural to the alimentary canal 



in protoplasm, and the meroblastic ovnm as a body constituted of the same es- 
sential parts as a holoblastic oTum, though divided into regions which differ in 
the proportion of protoplasm they contain. I do not propose to repeat the 
positive arguments used by me in favour of this view, but content myself with 
alluding to the protoplasmic network found by Schultz and myself extending 
through the whole yolk, and to the similar network described by Bambeke as being 
present in the eggs of Osseous Fish after deposition but before impregnation. 
The existence of these networks is to me a conclusive proof of the correctness of 
my views. I admit that in Teleostei the * parablast ' contains more protoplasm 
than the homologous material in the Elasmobranch ovum, while it is probable 
that after impregnation the true^ yolk of Teleostei contains little or no proto- 
plasm ; but these facts do not appear to me to militate against my views. 

I agree with Prof, Bambeke in regarding the cells derived from the sub- 
germinal matter as homologous with the so-called yolk-cells of the Amphibian 
embryo. 

I have recently, in some of the later stages of development, met with very 
peculiar nuclei of the yolk immediately beneath the blastoderm at some little 
distance from the embryo, PI. ix. fig. 8. They were situated not in finely sub- 
germinal matter, but amongst large yolk spherules. They were very large, 
and presented still more peculiar forms than those already described by me, 
being produced into numerous long filiform processes. The processes from the 
various nuclei were sometimes united together, forming a regular network of 
nuclei quite unlike anything that I have previously seen described. 

The sub -germinal matter, in which the nuclei are usually formed, becomes 
during the later stages of development far richer in protoplasm than during the 
earlier. It continually arises at fresh points, and often attains to considerable 
dimensions, no doubt by feeding on yolk- spherules. Its development appears to 
be determined by the necessities of growth in the blastoderm or embryo. 
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is instituted. The process may be described in another way 
by saying that the medullary folds are continuous round 
the end of the tail with the lateral walls of the alimentary 
canal ; so that, when the medullary folds unite to form a canal, 
this canal becomes continuous with the alimentary canal, which 
is closed in at the same time. In whatever way this arrange- 
ment is produced, the result of it is that it becomes possible 
to pass in a continuously closed passage along the neural canal 
round the end of the tail and into the alimentary canal. A 
longitudinal section shewing this feature is represented on 
Plate IX. fig. 7. 

This communication between the neural and alimentary 
canals, which is coupled, as will be seen in the sequel, with the 
atrophy of a posterior segment of the alimentary canal, is a 
feature of great interest which ought to throw considerable 
light upon the meaning of the neural canal. So far as I know, 
no suggestion as to the origin of it has yet been made. It 
is by no means confined to Elasmobranchs, but is present in 
all the vertebrates whose embryos are situated at the centre 
and not at the periphery of the blastoderm. It has been 
described by Goette^ in Amphibians and by Kowalevsky, Ows- 
jannikow and Wagner* in the Sturgeon (Acipenser). The same 
arrangement is also stated by Kowalevsky' to exist in Osseous 
Fishes and Amphioxus. The same investigator has shewn that 
the alimentary and neural canals communicate in larval Asci- 
dians, and we may feel almost sure that they do so in the 
Marsipobranchii. 

The Reptilia, Aves, and Mammalia have usually been dis- 
tinguished from other vertebrates by the possession of a well- 
developed allantois and amnion. I think that we may further 
say that the lower vertebrates, Pisces and Amphibia, are to 
be distinguished from the three above-mentioned groups of 
higher vertebrates, by the positive embryonic character that 
their neural and alimentary canals at first communicate pos- 

1 Entwicklungsgeschichte der Unke. 

* Melanges Biologiques de VAcademie Pitershourg^ Tome vii. 

' Archiv /. mikros. Anat. Vol. vii. p. 114. In the passage on this point 
Kowalevsky states that in Elasmobranchs the nenral and alimentary canals 
commonicate. This I believe to be the first notice published of this peculiar 
arrangement. 
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teriorly. The presence or absence of this arrangement depends . 
on the diflFerent positions of the embryo in the blastoderm. 
In Reptiles, Birds and Mammals, the embryo occupies a central 
position in the blastoderm, and not, as in Pisces and Amphibia, 
a peripheral one at its edge. We can, in fact, only compare 
the blastoderm of the Bird and the Elasmobranch, by sup- 
posing that in the blastoderm of the Bird there has occurred 
an abbreviation of the processes, by which the embryo Elasmo- 
branch is eventually placed in the centre of the blastoderm : as 
a result of this abbreviation the embryo Bird occupies fr(ym 
thejirst a central position in the blastoderm\ 

The peculiar relations of the blastoderm and embryo, and 
the resulting relations of the neural and alimentary canal, 
appear to me to be features of quite as great an importance 
for classification as the presence or absence of an amnion 
and allantois. 

General features of the hypoblast. 

There are but few points to be noticed with reference to the 
histology of the hypoblast cells. The cells of the dorsal wall of 
the alimentary cavity are columnar and form a single row. 
Those derived from the yolk to form the ventral wall are at 
first roundish, but subsequently assume a more columnar form. 

The Notochord. 

One of the most interesting features in the Elasmobranch 
development is the formation of the notochord from the hypo- 

1 Vide Note on p. 68, also p. 81, and PI. vni. Fig. 1 and 2, and Comparison, 
&c., Qy. Jour, of Micros. Sci. July, 1875, p. 219. These passages give an 
account of the change of position of the Elasmobranch embryo, and the Note on 
p. 68 contains a speculation about the nature of the primitive streak with its 
contained primitive groove. I have suggested that the primitive streak is pro- 
bably to be regarded as a rudiment at the position "where the edges of the 
blastoderm coalesced to give to the embryps of Birds and Mammals the central 
position which they occupy. 

If my hypothesis should turn out to be correct, various, now unintelligible, 
features about the primitive streak would be explained : such as its position 
behind the embryo, the fusion of the epiblast and mesoblast in it, the groove it 

contains, &c. 

The possibility of the primitive streak representmg the blastopore, as it in 
fact does according to my hypothesis, ought also to throw light on E. Van 
Beneden's recent researches on the development of the Mammalian ovum. 

In order clearly to understand the view here expressed, the reader ought to 
refer to the passages above quoted. 
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blast. All the steps in the process by which this takes place 
can be followed with great ease and certainty. 

Up to stage B the hypoblast is in contact with the epiblast 
immediately below the medullary groove, but exhibits no trace 
of a thickening or any other formation at that point. 

Between stage B and C the notochord first arises. 

In the hinder most sections of this stage the hypoblast retains 
a perfectly normal structure and uniform thickness throughout. 
In next few sections, PL IX. fig. 1 c, ch!, a slight thickening is 
to be observed in the hypoblast, immediately below the medul- 
lary canal. The layer, which elsewhere is composed of a single 
row of cells, here becomes two cells deep, but no sign of a 
division into two layers exhibited. 

In the next few sections the thickening of the hypoblast 
becomes much more pronounced ; we have, in fact, a ridge 
projecting from the hypoblast towards the epiblast (PL IX. 
fig. 1 6, ch'). 

This ridge is pressed firmly against the epiblast, and causes 
in it a slight indentation. The hypoblast in the region of the 
fidge is formed of two layers of cells, the ridge being entirely 
due to the uppermost of the two. 

In sections in front of this a cylindrical rod, which can at 
once be recognised as the notochord and is continuous with the 
ridge just described, begins to be split off from the hypoblast. 
It is difficult to say at what point the separation of this rod 
from the hypoblast is completed, since all intermediate gra- 
dations between complete separation and complete attachment 
are to be seen. 

Where the separation first appears, a fairly thick bridge of 
hypoblast is left connectiug the two lateral halves of the layer, 
but anteriorly this bridge becomes excessively delicate and thin 
(PL IX. fig. 1 c), and in some cases is barely visible except 
with high powers. 

From the series of sections represented, it is clear that the 
notochord commences to be separated from the hypoblast an- 
teriorly, and that the separation gradually extends backwards. 

The posterior extremity of the notochord remains for a long 
time attached to the hypoblast ; and it is not till the end of the 
period treated of in this chapter that it becomes completely free. 
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A sheath is formed around the notochord, very soon after its 
formation^ at a stage intermediate between stages C and D. 
This sheath is very delicate, though it stains with both osmic 
acid and haematoxylin. I conclude from its subsequent his- 
tory, that it is to be regarded as a product of the cells of the 
notochord, but at the same time it should be stated that it 
precisely resembles membrane-like structures, which I have 
already described as being probably artificial. 

Towards the end of this period the cells of the notochord 
become very much flattened vertically, and cause the well- 
known stratified appearance which characterises the notochord 
in longitudinal sections. In transverse sections the outlines of 
the cells of the notochord appear rounded. 

Throughout this period the notochord cells are filled with 
yolk spherules, and near its close small vacuoles make their 
appearance in them. 

An account of the development of the notochord, substan- 
tially similar to that I have just given, appeared in my prelimi- 
nary paper* on the development of the Elasmobranch fishes. 

To the remarks which were there made, I have little to add: 
There are two possible views, which can be held with reference 
to the development of the notochord from the hypoblast. 

We may suppose that this is the primitive mode of develop- 
ment of the notochord, or we may suppose that the separation 
of the notochord from the hypoblast is due to a secondary 
process. 

If the latter view is accepted, it will be necessary to main- 
tain that the mesoblast becomes separated from the hypoblast 
as three separate masses, two lateral, and one median, and that 
the latter become separated much later than the two former. 

We have, I think, no right to assume the truth of this view 
without further proof. The general admission of assumptions 
of this kind is apt to lead to an injurious form of speculation, in 
which every fact presenting a difficulty in the way of some 
general theory is explained away by an arbitrary assumption, 
while all the facts in favour of it are taken for granted. It is 
however clear that no theory can ever be fairly tested so long 
as logic of this kind is permitted. If, in the present instance, 

^ Loc. cit. 
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the view Is adopted that the notochord has in reality a meso- 
blastic origin, it will be possible to apply the same view to 
every other organ derived from the hypoblast, and to say that 
it is really mesoblastic, but has become separated at rather a 
late period from the hypoblast 

If, however, we provisionally reject this explanation, and 
accept the other alternative, that the notochord is derived from 
the hypoblast, we must be prepared to adopt one of two 
views with reference to the development of the notochord in 
other vertebrates. We must either suppose that the current 
statements as to the development of the notochord in other 
vertebrates are inaccurate, or that the notochord has only be- 
come secondarily mesoblastic. 

The second of these alternatives is open to the same ob- 
jections as the view that the notochord has only apparently a 
hypoblastic source in Elasmobranchs, and, provisionally at least, 
the first of them ought to be accepted. The reasons for ac- 
cepting this alternative fall under two heads. In the first 
place, the existing accounts and figures of the development of 
the notochord exhibit in almost all cases a deficiency of clear- 
ness and precision. The exact stage necessary to complete the 
series never appears. It cannot, therefore, at present be said 
that the existing observations on the development of the noto- 
chord afford a strong presumption against its hypoblastic origin. 

In the second place, the remarkable investigations of 
Hensen\ on the development of the notochord in Mammalia, 
render it very probable that, in this group, the notochord is 
developed from the hypoblast. 

Hensen finds that in Mammalia, as in Elasmobranchs, the 
mesoblast forms two independent lateral masses, one on each 
side of the medullary canal. 

After the commencing formation of the protovertebra^ the 
hypoblast becomes considerably thickened beneath the medul- 
lary groove ; and, though he has not followed out all the steps of 
the process by which this thickening is converted into the noto- 
chord, yet his observations go very far towards proving that 
it does become the notochord, 

1 Zeitschrift f. Anat. u. Entwicklungsgeschichte, Vol. l p. 366. 
^ Sitz. der Gesell. zu Marburg^ Jan. 1876. 
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Against the observations of Hensen, there ought, however, 
to be mentioned those of Lieberkiihn*. He believes that the 
two lateral masses of mesoblast, described by Hensen (in an 
earlier paper than the one quoted), are in reality united by a 
delicate layer of cells, and that the notochord is formed from a 
thickening of these. 

Lieberkiihn gives no further statements or figures, and it is 
clear that, even if there is present the delicate layer of meso- 
blast, which he fancies he has detected, yet this cannot in any 
way invalidate such a section as that represented on PL X. 
fig. 40, of Hensen's paper. 

In this figure of Hensen's, the hypoblast cells become dis- 
tinctly more columnar, and the whole layer much thicker im- 
mediately below the medullary canal than elsewhere, and this 
independently of any possible layer of mesoblast 

It appears to me reasonable to conclude that Lieberkiihn's 
statements do not seriously weaken the certainty of Hensen's 
results. 

In addition to the observations of Hensen's on Mammalia^ 
those of Kowalevsky and Kuppfer on Ascidians may fairly be 
pointed to as favouring the hypoblastic origin of the notckjhord. 

It is not too much to say that at the present moment the 
balance of evidence is in favour of regarding the notochord as 
a hypoblastic organ. 

This conclusion is, no doubt, rather startling, and difficult 
to understand. The only feature of the notochord in its favour 
is the fact of its being unsegmented*. 

Should it eventually turn out that the notochord is de- 
veloped in most vertebrates from the mesoblast, and only ex- 
ceptionally from the hypoblast, the further question will have 
to be settled as to whether it is primitively a hypoblastic or a 
mesoblastic organ ; but, from whatever layer it has its source, an 
excellent example will be afforded of an organ changing from 
the layer in which it was originally developed into another 
distinct layer. 

1 In my earlier paper I suggested that the endostyle of Ascidians afforded an 
instance of a supporting organ being derived from the hypoblast. This parallel 
does not hold since the endostyle has been shewn to possess a secretory fimc- 
tion. I never intended (as has been imap^ined by Professor Todaro) to regard 
the endostyle as the homologue of the notochord. 



CHAPTER VI. 



Development of the Trunk durino stages G to K. 



By the stage when the external gills have become conspicuous 
objects, the rudiments of the greater number of the important 
organs of the body are definitely established. 

Owing to this fact the first appearance of the external gills 
forms a very convenient break in the Elasmobranch develop^ 
ment; and in the present chapter the history is carried on 
to the period of this occurrence. 

While the last chapter dealt for the most part with the 
formation of the main organic systems from the three embry* 
onic layers, the present one has for its subject the gradual 
differentiation of these systems into individual organs. In treat- 
ing of the development of the separate organs a divergence 
from the plan of the last chapter becomes necessary, and the 
following arrangement has been substituted for it. First of 
all an account is given of the development of the external 
epiblast, which is followed by a description of the organs 
derived from the mesoblast and of the notochord. 

Eoctemcd Epiblast, 

During stages G to I the epiblast' is formed of a single 
layer of flattened cells ; and in this, as in the earlier stages, it 
deserves to be especially noticed that the epiblast is never more 
than one cell deepy and is therefore incapable of presenting any 
differentiation into nervous and epidermic layers. (PI. x. fig. 
1—5). 

^ Uxiless the contrary is stated, the facts recorded in this chapter apply 
only to Uie genera ScyUinm and Pristiurus. 

B. 7 
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The cells which compose it are flattened and polygonal in 
outline^ but more or less spindle-shaped in section. They present 
a strong contrast to the remaining embryonic cells of the body 
in pos^ssing a considerable quantity of clear protoplasm, which 
in most other cells is almost entirely absent. Their granular 
nucleus is rounded or oval, and typically contains a single 
nucleolus. Frequently, however, two nucleoli are present, and 
when this is the case an area free from granules is to be seen 
around each nucleolus, and a dark line, which could probably 
be resolved into granules by the use of a sufficiently hijgh 
magnifying power, divides the nucleus into two halves. These 
appearances probably indicate that nuclei, in which two nucleoli 
are present, are about to divide. 

The epiblast cells vary in diameter from '022 to '026 Mm; 
and their nuclei from '014 to '018 Mm. They present a fairly 
uniform character over the greater part of the body. In 
Torpedo they present nearly the same characters as in Pristiurus 
and Scyllium, but are somewhat more columnar. (PL X. fig. 7.) 

Along the summit of the back from the end of the tail to 
the level of the anus, or slightly beyond this, epiblast cells 
form a fold — the rudiment of the embryonically undivided 
dorsal fin — and the cells forming this, unlike the general epi- 
blast cells, are markedly columnar ; they nevertheless, here as 
elsewhere, form but a single layer. (PL X, fig. 3 and 5 df) 
Although at this stage the dorsal fin is not continued as a fold 
anteriorly to the level of the anus, yet a columnar thickening 
or ridge of epiblast, extending along the median dorsal line 
nearly to the level of the heart, forms a true morphological 
prolongation of the fin. 

On the ventral side of the tail is present a rudiment of the 
ventral unpaired fin, which stops short of the level of the anus, 
but, though less prominent, is otherwise quite similar to the 
dorsal fin and continuous with it round the end of the tail. 
At this stage the mesoblast has no share in forming either fin. 

In many sections of the tail there may be seen on each 
side two folds of skin, which are very regular, and strongly 
simulate the rudimentary fins just described. The cells com- 
posing them are, however, not columnar, and the folds them- 
selves are merely artificial products due to shrinking. 
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At a stage slightly younger than K an important change 
takes place in the epiblast. 

From being composed of a single layer of cells it becomes 
two cells deep. The two layers appear first of all anteriorly, 
and subsequently in the remaining parts of the body. At first, 
both layers are formed of flattened cells (PI. X. fig. 8, and xi. fig. 
9) ; but at a stage slightly subsequent to that dealt with in the 
present chapter, the cells of the inner of the two layers become 
columnar, and thus are established the two strata always 
present in the epidermis of adult vertebrates, viz, an outer layer 
of flattened cells and an inner one of columnar cells\ 

The history of the epiblast in Ela«mobra»ch8 is interesting, 
from the light which it throws upon the meaning of the nervous 
and epidermic layers into which the epiblast of Amphibians 
and some other Vertebrates is divided. The Amphibians and 
Elasmobranchs present the strongest contrast in the develop- 
ment of their epiblast, and it is worth while shortly to review 
and compare the history of the layer in the two groups. 

In Amphibians the epiblast is from the first divided into an 
outer stratum formed of a single row of flattened cells, and an 
inner stratum composed of several rows of more rounded cells. 
These two strata were called by Strieker the nervous and 
epidermic layers, and these names have been very generally 
adopted. 

Both strata have a share in forming the general epiblast, and 
though eventually they partially fuse together, there can be 
but little doubt that the horny layer of the adult epiblast, 
where such, can be distinguished", is derived from the epidermic 
layer of the embryo, and the mucous layer of the epiblast from 
the embryonic nervous layer. Both layers of the epiblast assist 
in the formation of the cerebro-spinal nervous system, and there 
also at first fuse together®, though the epidermic layer probably 
separates itself again, as the central epithelium of the spinal 
canaL The lens and auditory sac are derived exclusively from 

1 The layers are known as epidermic (homy) and mucous layers by English 
writers, and as Homschicht and Schleimschicht by the Germans. For their 
existence in all Vertebrates, vide Leydig TJeher allgemeine Bedeckungen der 
Amphibien, p. 20. Bonn, 1876. 

• Vide Leydig loc, cit. 

' Vide Gotte Entwicklungsgeschichte der Unke. 

7—2 
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the nervous layer of the epidermis, "while this layer also has 
the greater share in forming the olfactory sac. 

In Elasmobranchs the epiblast is at first uniformly composed 
of a single row of cells. The part of the layer which will form 
the central nervous system next becomes two or three cells 
deep, but presents no distinction into two layers ; the remain- 
ing portions of the layer remain, as before, one cell deep. 
Although the epiblast at first presents this simple structure, it 
eventually, as we have seen, becomes divided throughout into 
two layers, homologous with the two layers which arise so early 
in Amphibians. The outer one of the two forms the homy 
layer of the epidermis and the central epithelium of the neural 
canal. The inner one, the mucous layer of the epidermis and 
the nervous part of the brain and spinal cord Both layers 
apparently enter into the formation of the organs of sensa 

While there is no great difficulty in determining the 
equivalent parts of the epidermis in Elasmobranchs and Am- 
phibians, it still remains an open question in which of these 
groups the epiblast retains its primitive condition. 

Though it is not easy to bring conclusive proofs on the one 
side or the other, the balance of argument appears to me 
to be decidedly in favour of regarding the condition of the 
epiblast in Elasmobranchs, and most other Vertebrates, as the 
primitive one, and its condition in Amphibians as a secondary 
one, due to the throwing back of the differentiation of their 
epiblast into two layers to a very early period in their develop- 
ment. 

In favour of this view are the following points : (1) That 
a primitive division of the epiblast into two layers is unknown 
in the animal kingdom, except amongst Amphibians and 
(?) Osseous Fish. (2) That it appears more likely for a particular 
feature of development to be thrown back to an earlier period, 
than for such an important feature as a distinction between 
two primary layers to be absolutely lost during an early period 
of development, and then to re-appear again in later stages. 

The fact of the epiblast of the neural canal being divided, 
like the remainder of the layer, into nervous and epidermic 
parts, cannot, I think, be used as an argument in favour of the 
opposite view to that here maintained. 
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It seems probable that the central canal of the nervous 
system arose as an involution from the exterior, and therefore 
that the epidermis lining it is in reality merely a part of the 
external epidermis, and as such is naturally separated from the 
true nervous structures adjacent to it\ 

Leaving the general features of the external skin, I pass 
to the special organs derived from it during the stage just 
anterior to K, 

The unpaired Fine. The unpaired fins have grown consider- 
ably, and the epiblast composing them becomes, like the remainder 
of the layer, divided into two strata, both however composed of 
more or less columnar cells. The ventral fin has now become 
more prominent than the dorsal fin; but the latter extends 
forward as a fold quite to the anterior part of the body. 

The paired Fins. Along each side of the body there appears 
•during this stage a thickened line of epiblast, which from the 
first exhibits two special developments : one of these just in front 
of the anus, and a second and better marked one opposite the 
front end of the segmental duct. These two special thickenings 
are the rudiments of the paired fins, which thus arise as special 
developments of a continuous ridge on each side, precisely like 
the ridges of epiblast which form the rudiments of the un- 
paired fins. 

Similar thickenings to those in Elasmobranchs are found at 
the ends of the limbs in the embryos of both Birds and Mammals, 
in the form of caps of columnar epiblast*. 

The ridge, of which the limbs are special developments, is 
situated on a level slightly ventral to that of the dorsal aorta, 
and extends from just behind the head to the level of the anus. 
It is not noticeable in surface views, but appears in sections 
as a portion of the epiblast where the cells are more columnar 
than elsewhere ; precisely resembling in this respect the for- 
ward continuation of the dorsal fin. At the present stage the 
posterior thickenings of this ridge which forms the abdominal 
fins are so slight as to be barely visible, and their real nature 
can only be detected by a careful comparison between sections 

* Vide Self, Development of Spinal Nerves in Elasmobranchs, Phil. Transact. 
1876. 

• For Birds, vide Elements of Embryology y Foster and Balfour, pp. 144 — 146, 
and for Mammals, EoUiker Entwicklungsgeschichte^ p. 283. 
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of this and the succeeding stages. The mdiments of the anterior 
pair of limbs are more risible than those of the posterior, 
though the passage between them and the remainder of the 
ridges is most graduaL Thus at first the rudiments of both the 
limbs are nothing more than slight thickenings of the epiblast, 
where its cells are more columnar than elsewhere. During 
stage K the rudiments of both pairs of limbs, but especially of 
the anterior pair, grow considerably, while at the same time 
the thickened ridge of epiblast which connects them together 
rapidly disappears. The thoracic limbs develope into an elong- 
ated projecting fold of epiblast, in every way like the folds 
forming the unpaired fins ; while at the same time the cells of 
the subjacent mesoblast become closely packed, and form a 
slight projection, at the summit of which the fold of the epiblast 
is situated (PL XL fig. 9). The maximum projection of the thoracic 
fin is slightly in advance of the front end of the segmental duct 
The abdominal fins do not, during stage K, develope quite so 
fast as the thoracic, and at its close are merely elongated areas 
where the epiblast is much thickened, and below which the 
mesoblast is slightly condensed. In the succeeding stages 
they develope into projecting folds of skin, precisely as do the 
thoracic fins. 

The features of the development of the limbs just described, 
are especially well shewn in Torpedo ; in the embryos of which 
the passage from the general linear thickening of epiblast into 
the but slightly better marked thickening of the thoracic fin 
is very gradual, and the fact of the limb being nothing else than 
a special development of the linear lateral thickening is proved 
in a most conclusive manner. 

If the account just given of the development of the limbs 
is an accurate record of what really takes place, it is not possible 
to deny that some light is thrown by it upon the first origin of 
the vertebrate limbs. The facts can only bear one interpretation, 
viz, : that the limbs are the remnants of continuoiLS lateral fins. 

The unpaired dorsal fin develops as a continuous thickening, 
which then grows up into a projecting fold of columnar cells. The 
greater part of this eventually atrophies, but three separate 
lobes are left which form the two dorsal fins and the upper lobe 
of the caudal fin. 
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The development of the limbs is almost identically similar 
to that of the dorsal fins. There appears a lateral linear thick- 
ening of epiblast, which however does not, like the similar 
thickening of the fins, grow into a distinct fold. Its develop- 
ment becomes confined to two special points, at each of which 
is formed a continuous elongated fold of columnar cells precisely 
like the fold of skin forming the dorsal fins. These two folds 
form the paired pins. If it be taken into consideration that the 
continuous lateral fin, of which the rudiment appears inElasmo- 
branchs, does not exist in any adult Vertebrate, and also that a 
continuous dorsal fin exists in many Fishes, the small differences 
in development between the paired fin and the dorsal fins will 
be seen to be exactly those which might have been anticipated 
befotehand. Whereas the continuous dorsal fin, which often 
persists in adult fishes, attains a considerable development before 
vanishing, the originally continuous lateral one has only a 
very ephemeral existence. 

While the facts of development strongly favour a view which 
would regard the limbs as remnants of a primitively continuous 
lateral fin, there is nothing in. the structure of the limbs of 
adult Fishes which is opposed to this view. Externally they 
closely reseipble the unpaired fins, and both their position and 
nervous supply appear clearly to indicate that they do not 
belong to one special segment of the body. They appear 
rather to be connected with a varying number of segments ; a 
fact which would receive a simple explanation on the hypo- 
thesis here adopted \ 

My researches throw no light on the nature of the skeletal 
parts of the limb, but the suggestion which has been made by 
Giinther' with reference to the limb of Ceratodus (the most 
primitive known), that it is a modification of a series of parallel 
rays, would very well suit the view here proposed. 



1 For the nervous supply in fishes, vide Stannius Peripher. Nerv, System d. 
FiscJie. In Osseous Fishes he states that the thoracic fin is supplied hy hranches 
from the first three though sometimes from the first four spinal nerves. In 
Accipenser there are branches from the first six nerves. In Spinax the limb is 
supplied by the rami anteriores of the fourth and succeeding ten spinal nerves. 
In the Rays not only do the sixteen anterior spinal nerves unite to supply the 
fin, but in all there are rami anteriores from thirty spinal nerves which pass to 
the thoracic limb. 

• Philosophical Transactions ^ 1871. 
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Dr Dohm^ In speaking of the limbs, points out the diffi- 
culties in the way of supposing that they can have originated 
de novo, and not by the modification of some preexisting organ, 
and suggests that the limbs are modified gill-arches; a view 
similar to which has been hinted at by Professor Qegenbaur'. 

Dr Dohm has not as yet given the .grounds for his determi- 
nation, so that any judgment on his views is premature. 

None of my observations on Elasmobranchs lends any sup* 
port to these views ; but perhaps, while regarding the limbs Is 
the remains of a continuous fin, it might be permissible to 
suppose that the pelvic and thoracic girdles are altered remnants 
of the skeletal parts of some of the gill-arches which have 
vanished in existing Vertebrates, 

The absence of limbs in the Marsipobranchii and Am- 
phioxus, for reasons akeady insisted upon by Dr Dohm', 
cannot be used as an argument against limbs having existed in 
still more primitive Vertebrates. 

Though it does not seem probable that a dorsal and ventral 
fin can have existed contemporaneously with lateral fins '(at 
least not as continuous fins), yet, judging from such forms as 
the Rays, there is no reason why small balancing dorsal and 
caudal fins should not have coexisted with fully developed 
lateral fins. 

Mesollast. G — K. 

The mesoblast in Stage F forms two independent lateral 
plates, each with a splanchnic and somatic layer, and divided, 
as before explained, into a vertebral portion and a parietal 
portion. At their peripheral edge these plates are continuous 
with the general mesoblastic tissue of the non-embryonic part 
of the blastoderm; except in the free parts of the embryo, 
where they are necessarily separated from the mesoblast of the 
yolk-sac, and form completely independent lateral masses of 
cells. 

During the stages G and H, the two layers of which the 
mesoblast is composed cease to be in contact, and leave be- 

^ Ursprung d. Wirbelthiere und FunctionswechseU. 
' Grundrufs d. Vergleichenden Anat. p. 494, 
* Loc, cit. 
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tween them a space- which constitutes the commencement of the 
body-cavity (PL x. fig. 1). From the very first this cavity is more 
or less clearly divided into two distinct parts ; one of them in the 
vertebral portion of the plates of mesoblast, the other in the 
parietal The cavity in the parietal part of the plates alone 
becomes the true body-cavity. It extends uninterruptedly 
through the anterior parts of the embryo, but does not appear 
in the caudal region^ being there indicated only by the presence 
of two layers in the mesoblast plates. Though fairly wide 
below, it narrows dorsally before becoming continuous with the 
cavity in the vertebral plates. The line of junction of the 
vertebral and parietal plates is a little ventral to the dorsal 
summit of the alimentary canal (PI. x. fig. 5). Owing to the 
fact that the vertebral plates are split up into a series of seg- 
ments (protovertebrse), the section of the body-cavity they 
enclose is necessarily also divided into a series of segments, one 
for each protovertebra. 

Thus the whole body-cavity consists of a continuous parietal 
space which communicates by a series of apertures with a 
number of separate cavities enclosed in the protovertebrae. The 
cavity in each of the protovertebree is formed of a narrowed 
dorsal and a dilated ventral segment, the latter on the level of 
the dorsal aorta (PL x. fig. 5). Cavities are present in all the 
vertebral plates with the exception of a few far back in the tail ; 
and exist in part of the caudal region posterior to that in 
which a cavity in the parietal plate is present 

ProtovertebrcB. . Each protovertebra* or vertebral segment 
of the mesoblast plate forms a flattened rectangular body, 
ventrally continuous with the parietal plate of mesoblast During 
stage O the dorsal edge of the protovertebrae is throughout 
on about a level with the ventral third of the spinal cord. Each 
vertebral plate is composed of two layers, a somatic and a 
splanchnic, and encloses the already-mentioned section of the 
body cavity. The cells of both layers of the plate are columnar, 
and each consists of a very large nucleus, invested by a delicate 
layer of protoplasm. 

1 No attempt has been made to describe in detail the different appearanoes 
presented by the protovertebraB in the various parts of the body, but in each 
stage a protovertebra from the dorsal region is taken as typical. 
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Before the end of stage H the inner or splanchnic wall of 
the protovertebra loses its simple constitution, owing to the 
middle part of it, opposite the dorsal two-thirds of the notochord, 
undergoing peculiar changes. These changes are indicated in 
transverse sections (PI. X. fig. 5 and (j mp), by the cells in the 
part we are speaking of acquil'ing a peculiar angular appearance, 
and becoming one or two deep ; and the meaning of the changes 
is at once shewn by longitudinal horizontal sections. These prove 
(PL XI. fig. 10) that the cells in this situation have become elong- 
ated in a longitudinal direction, and, in fact, form typical spindle- 
shaped embryonic muscle-cells, each with a large nucleus. 
Every muscle-cell extends for the whole length of a protover- 
tebra, and in the present stage, or at any rate in stage I, 
acquires a peculiar granulation, which clearly foreshadows 
transverse striation (PL xi. fig. 11 — 13). 

Thus by stage H a small portion of the splanchnopleure 
which forms the inner layer of each protovertebra, becomes 
differentiated into a distinct band of longitudinal striated 
muscles ; these almost at once become functional, and produce 
the peculiar serpentine movements of the embryo, spoken of in 
a previous chapter, p. 76. 

It may be well to say at once that these muscles form but a 
very small part of the muscles which eventually appear ; which 
latter are developed at a very much later period from the 
remaining cells of the protovertebrse. The band developed at 
this stage appears to be a special formation, which has arisen 
through the action of natural selection, to enable the embryo 
to meet its respiratory requirements, by continually moving 
about, and so subjecting its body to fresh oxydizing influences ; 
and as such affords an interesting example of an important 
Btructure acquired during and for embryonic life. 

Though the cavities in the protovertebrso are at first per- 
fectly continuous with the general body-cavity, of which indeed 
they merely form a specialized part, yet by the close of stage H 
they begin to be constricted off from the general body-cavity, 
and this process is continued rapidly, and completed shortly 
after stage I, and considerably before the commencement of stage 
K. (PL X. fig. 6 and 8). While this is taking place, part of the 
splanchnic layer of each protovertebra, immediately below the 
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tnuscle-band just described, begins to proliferate, and produce 
a number of cells, which at once grow in between the muscles 
and the notochord. These cells are very easily seen both in 
transverse and longitudinal sections, and form the commencing 
vertebral bodies (PL x. fig. 6, and PL xi. fig. 10 and 11 Vr), 

At first the vertebral bodies have the same segmentation as 
the protovertebrse from which they sprang ; that is to say, they 
form masses of embryonic cells separated from each other by 
narrow slits, continuous with the slits separating the proto- 
vertebrse. They have therefore at their first appearance a 
segmentation completely dififerent from that which they event- 
ually acquire (PL XL fig. 11). 

After the separation of the vertebral bodies from the proto- 
vertebrse, the remaining parts of the protovertebrse may be 
called muscle-plates ; since they become directly converted into 
the whole voluntary muscular system of the trunk. At the time 
when the cavity of the muscle-plates has become completely 
jseparate from the body-cavity, the muscle-plates themselves 
are oblong structures, with two walls enclosing the cavity just 
mentioned, in which the original ventral dilatation is still visible. 
The outer or somatic wall of the plates retains its previous 
simple constitution. The splanchnic wall has however a some- 
what complicated structure. It is composed dorsally and ven- 
trally of a columnar epithelium, but in its middle portion of 
the muscle-cells previously spoken of. Between these and the 
central cavity of the plates the epithelium forming the re- 
mainder of the layer commences to insert itself; so that be- 
tween the first-formed muscle and the cavity of the muscle- 
plate there appears a thin layer of cells, not however continuous 
throughout. 

At the end of the period K the muscle-plates have extended 
dorsally two-thirds of the way up the sides of the spinal cord, 
and ventrally to the level of the segmental duct. Their edges are 
not straight, but are bent into an angular form, with the apex 
pointing forwards. Vide PL XL fig. 17 mp. 

Before the end of the period a number of connective-tissue 
cells make their appearance, and extend upwards from the 
dorsal summit of the muscle-plates around the top of the 
spinal cord. These cells are at first rounded, but become 
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typical branched connective-tissue cells before the close of 
the period (PL x. fig. 7 and 8). 

Between stages I and K the bodies of the vertebrae rapidly 
increase in size and send prolongations downwards and inwards 
to meet below the notochord. 

These soon become indistinguishably fused with other cells 
which appear in the area between the alimentary cavity and. 
the notochord, but probably serve alone to form the vertebral 
bodies, while the cells adjoining them form the basis for the 
connective tissue of the kidneys, &c. 

The vertebral bodies also send prolongations dorsalwards 
between the sides of the spinal cord and the muscle-plates. 
These grow round till they meet above the spinal and enclose 
the doraal nerve-roots. They soon however become fused with 
the dorsal prolongations from the muscle-plates, at least so far 
as my methods of investigation enable me to determine ; but it 
appears to mo probable that they in reality remain distinct, 
and become converted into the neural arches, while the con* 
nective-tissue cells from the muscle-plates form the adjoining 
subcutaneous and inter-muscular connective tissue. 

All the cells of vertebral rudiments become stellate and 
fonn typical embryonic connective tissue. The rudiments 
however still retain their primitive segmentation, corresponding 
with that of the muscle-plates, and do not during this period 
acquire their secondary segmentation. Their segmentation is 
however less clear than it was at an earlier period, and in 
the dorsal part of the vertebral rudiments is mainly indicated 
by the dorsal nerve-roots, which always pass out in the interval 
between two vertebral rudiments. Vide PI. xi. fig. 12 pr. 

Intermediate CeU-Mass. At about the period when the 
muscle-plates become completely free, a fusion takes place be- 
tween the somatopleure and splanchnopleure immediately above 
the dorsal extremity of the true body-cavity (PL x. fig. 6). 
The cells in the immediate neighbourhood of this fusion form 
a special mass, which we may call the intermediate cell-mass— 
a name originally used by Waldeyer for the homologous cells 
in the Chick. Out of it are developed the urino-genital organs 
and the adjoining tissues. At first it forms little more than a 
columnar epithelium, but by the close of the period is divided 
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into (1) An epithelium on the free surface; from this are 
derived the glandular parts of the kidneys and functional parts 
of the genital glands; and (2) a subjacent stroma which forms 
the basis for the connective tissue and vascular parts of these 
organs. 

To the history of these parts a special section is devoted ; 
and I now pass to the description of the mesoblast which lines 
the body-cavity and forms the connective tissue of the body- 
wally and the muscular and connective tissue of the wall of the 
aUmentary canal 

Body- Cavity and parietcd plates. By the close of stage H, as 
has been already mentioned, a cavity is formed between the 
somatopleure and splanchnopleure in the anterior part of the 
trunk, which rapidly widens during the succeeding stages. 
Anteriorly, it invests the heart, which arises during stage G, as 
a simple space between the ventral wall of the throat and the 
splanchnopleure (Fl. x. fig. 4). Posteriorly it ends blindly. 

This cavity forms in the region of the heart the rudiment 
of the pericardial cavity. The remainder of the cavity forms 
the true body-cavity. 

Immediately behind the heart the alimentary canal is still 
open to the yolk-sac, and here naturally the two lateral halves 
of the body-cavity are separated from each other. In the tail 
of the embryo no body-cavity has appeared by stage I, although 
the parietal plates of mesoblast are distinctly divided into 
somatic and splanchnic layers. In the caudal region the lateral 
plates of mesoblast of the two sides do not unite ventrally, but 
are, on the contrary, quite disconnected. Their ventral edge is 
moreover much swollen (PL x. fig. 1). At the caudal swelling 
the mesoblast plates cease to be distinctly divided into soa]ato- 
pleure and splanchnopleure, and more or less fuse with the 
hypoblast of the caudal vesicle (PL x. fig. 2). 

Between stages I and K the body-cavity extends backwards 
behind the point where the anus is about to appear, though 
it never reaches quite to the extreme end of the tail. The 
backward extension of the body-cavity, as is primitively 
the case everywhere, is formed of two independent lateral 
halves (PI. xi. fig. 9 a). Anteriorly, opposite the hind end of 
the small intestine, these two lateral halves unite ventrally to 
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form a single cavity in which hangs the small intestine (PL X, 
fig. 8) suspended by a very short mesentery. 

The most important change which takes place in the body- 
cavity during this period is the formation of a septum which 
separates off a pericardial cavity from the true body-cavity. 

Immediately in front of the liver the splanchnic and 
somatic walls of the body come into very close contact, and I 
believe unite over the greater part of their extent. The septiim 
so formed divides the original body-cavity into an anterior 
section or pericardial cavity, and a posterior section or true body- 
cavity. There is left, however, on each side dorsaUy a rather 
narrow passage which serves to unite the pericardial cavity in 
front with the true body-cavity behind. 

In PI. X. fig. 8 a, there is seen on one side a section through 
this passage, while on the other side the passage is seen to be 
connected with the pericardial cavity. 

It is not possible from transverse sections to determine for 
certain whether the septum spoken of is complete. An exami- 
nation of longitudinal horizontal sections from an embryo 
belonging to the close of the stage K has however satisfied 
me that this septum, by that stage at any rate, is fully formed. 

The two lateral passages spoken of above probably unite 
in the adult to form the passage connecting the pericardial 
with the peritoneal cavity, which, though provided with but a 
single orifice into the pericardial cavity, divides into two limbs 
before opening into the peritoneal cavity. 

The body-cavity undergoes no further changes of importance 
till the close of the period. 

Somatopleure and Splanchnopleure. Both the somatic and 
splanchnic walls of the body-cavity during stage I exhibit a 
simple uniform character throughout their whole extent. They 
are formed of columnar cells where they line the dorsal part 
of the body-cavity, but ventrally of more rounded and irregular 
cells (PL X. fig. 5). 

In them may occasionally be seen aggregations of very 
peculiar and large cells with numerous highly refracting 
spherules ; the cells forming these are not unlike the primitive 
ova to be described subsequently, but are probably large celk 
derived from the yolk. 
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It is during the stage intermediate between I and K that 
the first changes become visible which indicate a distinction 
between an epithelium (endothelium) lining the body-cavity 
and the connective tissue adjoining this. 

There are at first but very few connective-tissue cells 
between the epithelium of the somatic layer of the mesoblast 
and the epiblast, but a connection between them is established 
by peculiar protoplasmic processes which pass from the one to 
the other (PL X. fig. 8). Towards the end of stage K, however, 
there appears between the two a network of mesoblastic cells 
connecting them together. In the rudimentary outgrowth to 
form the limbs the mesoblast cells of the somatic layer are. 
crowded in an especially dense manner. 

From the first the connective-tissue cells around the hypo- 
blastic epithelium of the alimentary tract are fairly numerous 
(PL X. fig. 8), and by the close of this period become concentrically 
arranged round the intestinal epithelium, though not divided 
into distinct layers. A special aggregation of them is present 
in the hollow of the rudimentary spiral valve. 

Behind the anal region the two layers of the mesoblast 
(somatic and splanchnic) completely fuse during stage K, and 
form a mass of stellate cells in which no distinction into two 
layers can be detected (PL xi. fig. 9 c, 9 d). 

The alimentary canal, which at first lies close below the 
aorta, becomes during this period gradually carried further and 
further from this, remaining however attached to the roof of 
the body-cavity by a thin layer of the mesoblast of the splanch- 
nopleure formed of an epithelium on each side, and a few 
interposed connective-tissue cells. This is the mesentery which 
by the close of stage K is of considerable length in the region 
of the stomach, though shorter elsewhere. 

The above account of the protovertebrae and body-cavity ap- 
plies solely to the genera Pristiurus and Scyllium. The changes 
of these parts in Torpedo only differ from those of Pristiurus 
in unimportant though fairly noticeable details. Without 
entering into any full description of these it may be pointed 
out that both the true body-cavity and its continuations into 
the protovertebrae appear later in Torpedo than in Pristiurus 
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and Scyllium. In some cases even the muscle-plates become 
definitely separated and independent before the true body- 
cavity has appeared. As a result of this the primitive con* 
tinuity of the body-cavity and cavity of the muscle-plates 
becomes to a certain extent masked^ though its presence may 
easily be detected by the obvious continuity which at first 
exists between the somatic and splanchnic layers of mesoblast 
and the two layers of the muscle-plate. In the muscle-plate 
itself the chief point to be noticed is the fact that the earlier 
formed bands of muscles {mp) arise very much later, and are 
less conspicuous^ in Torpedo than in the genera first described. 
They are however present and functional. 

The anatomical relations of the body-cavity itself are pre- 
cisely the same in Torpedo as in Fristiurus and Scyllium, and 
the pericardial cavity becomes separated from, the peritoneal 
in same way in all the genera; the two lateral canals connect- 
ing the two cavities being also present in all the three genera. 
The two independent parietal plates of mesoblast of the posterior 
parts of the body have ventrally a swollen edge, as in Pristiurus, 
and in this a cavity appears which forms a posterior continua- 
tion of the true body-cavity. 

llesumS. The primitive independent mesoblast plates of the 
two sides of the body become divided into two layers, a somatic 
and a splanchnic (Hautfaserblatt and Darmfaserblatt). At the 
same time in the dorsal part of the mesoblast plate a series of 
transverse splits appear which mark out the limits of the proto- 
vertebrsB and serve to distinguish a dorsal or vertebral part of 
the plate from a ventral or parietal part. 

Between the somatic and splanchnic layers of the mesoblast 
plate a cavity arises which is continued quite to the summit 
of the vertebral part of the plate. This is the primitive body- 
cavity ; and at first the cavity is divided into two lateral and 
independent halves. 

The next change which takes place is the complete separa- 
tion of the vertebral portion of the plate from the parietal ; 
thereby the upper segmented part of the body-cavity becomes 
isolated and separated firom the lower and unsegmented part. 
In connection with this change in the constitution of the body- 
cavity there are formed a series of rectangular plates, each com- 
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posed of two layers, a somatic and a ^lanchnic, between which 
is the cavity originally continuous with the body-cavity. The 
splanchnic layer of the plates buds off cells to form the rudi- 
ments of the vertebral tk)dies which are originally segmented 
in the same planes as the protovertebrse. The plates them* 
selves remain as the muscle-plates and develop a special layer 
of muscle (mp') in their splanchnic layer. 

In the meantime the parietal plates of the two sides unite 
ventrally throughout the intestinal and cardiac regions of the 
body, and the two primitively isolated cavities contained in them 
coalesce. Posteriorly however the plates do not unite ventrally, 
and their contained cavities remain distinct. 

At first the pericardial cavity is quite continuous with the 
body-cavity; but by the close of the period included in the 
present chapter it becomes separated from the body-cavity by a 
septum in front of the liver, which is however pierced dorsally 
by two narrow channels. 

The parts derived from the two layers of the mesoblast (not 
including special organs or the vascular system) are as follow ; — 

From the somatic layer are formed 

(1) A considerable part of the voluntary muscular system 

of the body. 

(2) The dermis. 

(3) A large part of the intermuscular connective tissue. 

(4) Part of the peritoneal epithelium. 

From the splanchnic layer are formed 

(1) A great part of the voluntary muscular system. 

(2) Part of the intermuscular connective tissue (?). 

(3) The axial skeleton. 

(4) The muscular and connective-tissue wall of the 

aUmentary tract. 

(5) A great part of the peritoneal epithelium. 

General Considerations. In the history which has just been 
given of the development of the mesoblast, there are several 
points which appear to me to throw light upon the primitive 
origin of that layer. Before entering into these it is however 
necessary to institute a comparison between the history of the 

B. 8 
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mesoblast in Elasmobranchs and in other Yeriebiates, in order 
to distinguish as far as possible the primitive and the secondary 
characters present in the yarious groups. 

Though the Mammals are to be 'looked on as the most 
differentiated group amongst the Vertebrates, yet in their 
embryonic history they retain many very primitive features, 
and, as has been recently shewn by Hensen*, present numerous 
remarkable approximations to the Elasmobranchs. We find ac- 
cordingly* that the primitive lateral plates of mesoblast undergo 
nearly the same changes in these two groups. In Mammals 
there is at first a continuous cavity extending through both 
the parietal and vertebral portions of each plate, and dividing 
the plates into a somatic and a splanchnic layer : this cavity is 
the primitive body-cavity. The. vertebral portion of each plate 
with its contained cavity then becomes divided off from the 
parietal. The later development of these parts is not accurately 
known, but it seems that the outer portion of each vertebral 
plate, composed of two layers (somatic and splanchnic) en- 
closing between them a remnant of the primitive body-cavity, 
becomes separated off as a muscle-plate. The remainder 
forms a vertebral rudiment, &c. Thus the extension of the 
body-cavity into the vertebral portion of the mesoblast, and the 
constriction of the vertebral portion of the cavity from the re- 
mainder, are as distinctive features of Mammals as they are of 
the Elasmobranchs. 

In Birds' the horizontal splitting of the mesoblast into 
somatic and splanchnic layers appears, as in Mammals, to extend 
at first to the summit of the protovertebrse, but these bodies 
become so early separated from the parietal plates that this 
fact has usually been overlooked or denied ; but even on the 
second day of incubation the outer layer of the protovertebrae is 
continuous with the somatic layer of the lateral plates, and 
the inner layer and kernel of the protovertebraj with the 
splanchnic layer of the lateral plates*. After the isolation 

1 Zeitschrift f. AnaU Entwicklungsgeschichtei Vol. 1. 

* Hensen loc. cit, 

> For the history of protovertebrsa and mnscle-plates in Birds, vide Ele- 
ments of Embryology, Foster and B£jfoar. The statement there made that the 
horizontal splitting of the mesoblast does not extend to the summit of the 
vertebral plate, must however be regarded as doubtful. 

* Vide Elements of Embryology, p. 66. 
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of the prdtovertebraB the primitive position of the split which 
separated their somatic and splanchnic layers becomes obscured, 
but when on the third day the muscle-plates are formed they 
are found to be constitvUd of two layers, an inner and an outer, 
which enclose between them a central cavity. This remarkable 
fact, which has not received much attention, though noticeable 
in most figures, receives a simple explanation as a surviving 
rudiment on Darwinian principles. The central cavity of the 
muscle-plate is, in fact, a remnant of vertebral extension of the 
body-cavity, and is the same cavity as that found in the muscle- 
plates of Elasmobranchs. The two layers of the muscle-plate 
also correspond with the two layers present in Elasmobranchs, 
the one belonging to the somatic, the other to the splanchnic 
layer of mesoblast. The remainder of the protovertebrsB in- 
ternal to the muscle-plates is very large in Birds, and is the 
equivalent of that portion of the protovertebrse which in Elas- 
mobranchs is split off to form the vertebral bodies' (PL X. fig. 6, 7, 
8, Vr)* Thus, though the history of the development of the 
mesoblast is not precisely the same for Birds as for Elasmo- 
branchs, yet the differences between the two groups are of such 
a character as to prove in a striking manner that the Avian 
development is a derivation from a more primary form, like 
that of the Elasmobranchs. 

According to the statements of Bambeke and Gotte, the 
Amphibians present rather remarkable peculiarities in the 
development of their muscular system. Each side-plate of 
mesoblast is divided into a somatic and a splanchnic layer, 
continuous throughout the vertebral and parietal portions of 
the plate. The vertebral portions (protovertebrae) of the plates 
soon become separated from the parietal, and form an inde- 
pendent mass of cells constituted of two layers, which were 
originally continuous with the somatic and splanchnic layers 
of the parietal plates. The outer or somatic layer of the 

1 Dr Gotte, Entwicklangsgeschichte der Unke, p. 534, gives a different 
ficconnt of the development of the protovertebrsB from that in the text. He 
states that the mnscle-plates do not give rise to the main dorso-lateral muscles, 
bnt only to some superficial ventral muscles, while the dorso-lateral mnscles are 
according to him formed from part of the kernel of the protovertebne internal 
to the mnscle-plates. The account given in the text is the result of my own 
investigations, and accords precisely with the recent statements of Professor 
Kolliker, Entwicklufigsgeichickte, 1876. 

8—2 
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vertebral plates is formed of a single row of cells, but tbe 
inner or splanchnic layer is made up of a central kernel of 
cells and an inner single layer. This central kernel is the 
first portion of the vertebral body to undergo any change, 
and it becomes converted into the main dorso-lateral muscles 
of the body, which apparently correspond with the muscles 
derived fix)m the whole muscle-plate of the Elasmobranchs. 
From the inner layer of the splanchnic division there are next 
formed the main internal ventral muscles, rectus abdominis, &c., 
as well as the chief connective-tissue elements of the parts 
surrounding the spinal cord. The outer layer of the vertebral 
plates forms the dermis and sub-cutaneous, connective tissue, as 
well as some of the superficial muscles of the trunk and the 
muscles of the limbs. 

Dr Gotte appears to think that the vertebral plates in Am- 
phibians present a perfectly normal development very similar 
to that of other Vertebrates. The divergences between Am- 
phibians and other Vertebrates appear, however, to myself, 
to be very great, and although the very careful account given 
by Dr Gotte is probably to be relied on, yet som^ further 
explanation than he has ofifered of the development of these 
parts amongst the Amphibians would seem to be required. 

A primary stage in which the two layers of the vertebral 
plates are continuous with the somatic and splanchnic layers 
of a body-wall is equally characteristic of Amphibians, Elas* 
mobranchs and Mammals. In the subsequent development, 
however, a great diflference between the types becomes appar- 
ent, for whereas in Elasmobranchs both layers of the vertebral 
plates combine to form the muscle-plates, out of which the great 
dorso-lateral muscles are formed, in Amphibians what appear 
to be the equivalent muscles are derived from a few of the cells 
(the kernel) of the inner layer of the vertebral plates only. 
The cells which form the lateral muscles in Amphibians might 
be thought to correspond in position with the cells which become, 
in Elasmobranchs, converted into the special early formed band 
of muscles (m.p',), rather than, as their development seems 
to indicate, with the whole Elasmobranch muscle-plates*. 

I The type of development of the muscle-plates of Amphibians would become 
identical with that of Elasmobranchs if their first-formed mass of muscle cor- 
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Osseous Fishes are stated to agree with Amphibians in the 
development of their proto vertebrae and muscular system', but 
further observations on this point are required. 

Though the development of the general muscular system 
and muscle-plates does not, according to existing statements, 
take place on quite the same type throughout the Vertebrate 
sub-kingdom, yet the comparison which has been instituted 
between Elasmobranchs and other Vertebrates appears to prove 
that there are one or two common features in their development, 
which may be regarded as primitive, and as having been inherited 
from the ancestors of Vertebrates, These features are (1) The 
extension of the body-cavity into the vertebral plates, and 
subsequent enclosure of this cavity between the two layers 
of the muscle-plates ; (2) The primitive division of the vertebral 
plate into a somatic and a splanchnic layer, and the formation 
of a large part of the voluntary muscular system out of the 
splanchnic layer. 

The ultimate derivation of the mesoblast forms one of 
the numerous burning questions of modem embryology, and 
there are advocates to be found for almost every one of the 
possible views the question admits of. 

All who accept the doctrine of descent are agreed that 
primitively only two embryonic layers were present — the 
epiblast and the hypoblast — and that the mesoblast subse- 
quently appeared as a distinct layer, after a certain com- 
plexity of organization had been attained. 

The general agreement stops, however, at this point, and 
the greatest divergence of opinion exists with reference to all 
further questions which bear on the development of the meso- 
blast. There appear to be four possibilities as to the origin of 
this layer. 

It may be derived : 

(1) entirely from the epiblast, 

responded with the early-formed mnBcles of Elasmobranchs, and the remaming 
cellis of both layers of the protovertebrsB became in the course of development 
converted into muscle-cells indistinguishable from those formed at first. Is it 
possible that, owing to the distinctness of the first- formed mass of muscle, Dr 
Gotte can have overlooked the fact that its subsequent growth is carried on at 
the expense of the adjacent cells of the somatic layer? 

1 Ehrlich, Ueber den peripher. Theil d.Urwirbel. Archivf. Mic. AnaU Vol. xi. 
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(2) partly from the epiblast, and partly from the hypoblast, 

(3) entirely from the hypoblast, 

(4) or may have no fixed origin. 

The fourth of these possibilities may for the present be 
dismissed, since it can be only maintained should it turn out 
that all the other views are erroneous. The first possibility is 
supported by the case of the Coelenterata^ and we might almost 
say by that of this group only*. 

Amongst the Ccelenterata the mesoblast, when present, is 
unquestionably a derivative of the epiblast, and when, as is fre- 
quently the case, a distinct mesoblast is not present, the muscle- 
cells form a specialized part of the epidermic cells. 

The condition of the mesoblast in these lowly organized 
animals is exactly what might d priori have been anticipated, 
but the absence throughout the group of a true body-cavity, 
or specially developed muscular system of the alimentary tract, 
prevents the possibility of generalizing for other groups, from 
the condition of the mesoblast in this one. 

In those animals in which a body-cavity and muscular 
alimentary tract are present, it would certainly appear reasonable 
to expect the mesoblast to be derived from both the primitive 
layers : the voluntary muscular system from epiblast, and the 
splanchnic system from the hypoblast. This view has been 
taken and strongly advocated by so distinguished an embry- 
ologist as Professor Haeckel, and it must be admitted, that on 
d p^ori grounds there is much to recommend it; there are, 
however, so far as I am aware of, comparatively few observed 
facts in its favour. 

Professor Haeckel's own objective arguments in support of 
his view are as follows : 

(1) From the fact that some investigators derive the meso- 

^ The most important other instances in addition to that of the Ccelenterata 
which can be adduced in favour of the epiblastio origin of the mesoblast are the 
Bird and Mammal, in which according to the recent observations of Hensen for 
the Mammal, and Kolliker for the Mammal and Bird, the mesoblast is split off 
from the epiblast. If the views I have elsewhere put forward about the meaning 
of the primitive groove be accepted, the derivation of the mesoblast from the 
epiblast in these instances would be apparent rather than real, and have no 
deep morphological significance for the present question. 

Other instances may be brought forward from various groups, but none 
of these are sufticiontly well confirmed to be of any value in the determina. 
tiuu of the present, question. 
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blast with absolute confidence from the hypoblast, while others 
do so with equal confidence from the epiblast, he concludes that 
it is really derived from both these layers. 

(2) A second argument is founded on the supposed deriva- 
tion of the mesoblast in Amphioxus from both epiblast and 
hypoblast. Kowalevsky's account (on which apparently Prof. 
Haeckel's^ statements are based) appears to me, however, too 
vague, and his observations too imperfect, for much confidence 
to be placed in his statements on this head. It does not indeed 
appear to me that the formation of the layers in Amphioxus, till 
better known, can be used as an argument for any special view 
about this question. 

(3) Professor HaeckeFs own obseiTations on the develop- 
ment of Osseous fish form a third argument in support of his 
views. These observations do not, however, accord with those of 
the majority of investigators, and not having been made by 
means of sections, require further confirmation before they can 
be definitely accepted. 

(4) A fouilh argument rests on the fact that the various 
embryonic layers fuse together to form the primitive streak or 
axis-cord in higher vertebrates. This he thinks proves that the 
mesoblast is derived from both the primitive layers. The primi- 
tive streak has, however, according to my views, quite another 
significance to that attributed to it by Professor Haeckel'; but 
in any case Professor KoUiker's researches, and on this point my 
own observations accord with his, appear to me to prove that the 
fusion which there takes place is only capable of being used as 
an argument in favour of an epiblastic origin of the mesoblast, 
and not of its derivation from both epiblast and hypoblast. 

The objective arguments in favour of Professor Haeckel's 
views are not very conclusive, and he himself does not deny 
that the mesoblast as a rule apparently arises as a single and 
tmdivided mass from one of the two primary layers, and only 
subsequently becomes split into somatic and splanchnic strata. 
This original fusion and subsequent splitting of the mesoblast 

* Vide Anthropogenie, p. 197. 

' Vide Self, Deyelopment of Elasmobranch Fishes, Journal of Anat. and 
Phys, Vol. X. note on p. 682, and also Beview of Professor Edlliker's Entwick- 
lungBgeschlohte des Menschen a. d. hoheren Thiere, Journal of Anat and Phys. 
VoLx. 
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is explained by him as a secondary condition, a possibility which 
cannot by any means be thrown on one side. It seems therefore 
worth while examining how far the history of the somatic and 
splanchnic layers of the mesoblast in Elasmobranchs and other 
Vertebrates accords with the supposition that they were primi- 
tively split off from the epiblast and the hypoblast respectively. 

It is well to consider first of all what parts of the mesoblast 
of the body might be expected to be derived from the somatic 
and splanchnic layers on this view of their origin^ 

From the somatic layer of the mesoblast there would no 
doubt be formed the whole of the voluntary muscular system of 
the body, the dermis, the subcutaneous connective tissue, and 
the connective tissue between the muscles. It is probable also, 
though this point is less certain, that the skeleton would be 
derived from the somatic layer. From the splanchnic layer 
would be formed the connective tissue and muscular layers of 
the alimentary tract, and possibly also the vascular system. 

Turning to the actual development of these parts, the 
discrepancy between theory and fact becomes very remark- 
able. From the somatic layer of the mesoblast, part of 
the voluntary muscular system and the dermis is no doubt 
derived, but the splanchnic layer supplies the material, 
not only for the muscular wall of the digestive canal and the 
vascular system, but also for the whole of the axial skeleton 
and a great part of the voluntary muscular system of the body, 
including the first-formed muscles. Though remarkable, it is 
nevertheless not inconceivable, that the skeleton might be 
derived from the splanchnic mesoblast, but it is very difl5cult to 
understand how there could be formed from it a part of the 
voluntary muscular system of the body indistinguishably fused 
with part of the muscular system derived from the somatopleure. 

1 Professor Haeckel speaks of the splitting of the mesoblast in Vertebrates 
into a somatic and splanchnic layer as a secondary process {GastnUa u. Eifur- 
chung d. Thiere), but does not make it clear whether he regards this secondary 
splitting as taking place along the old lines. It appears to me to be fairly 
certain that even if the original unsplit condition of the mesoblast is to be 
regarded as a secondary condition, yet that the splitting of this must take place 
along the old lines, otherwise a change in the position of the body-cavity in the 
a-iult would have to be supposed — an unlikely change producing unnecessary 
complication. The succeeding argument is based on the assumption that the 
unsplit condition is a secondary condition, but that the split which eventually 
appears in this occurs along the old lines, separating the primitive splanchno- 
pleure from the primitive somatopleure. 
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No fact in my investigations comes out more clearly than that 
a great part of the voluntary muscular system is formed from 
the splanchnic layer of the mesoblast, yet this fact presents 
a most serious difficulty to the view that the somatic and 
splanchnic layers of the mesoblast in Vertebrates are respectively 
derived from the epiblast and hypoblast. 

In spite, therefore, of general d priori considerations of 
a very convincing kind which tell in favour of the double 
origin of the mesoblast, this view is supported by so few 
objective facts, and there exists so powerful an array of facts 
against it, that at present, at least, it seems impossible to main- 
tain it. The full strength of the facts against it will appear 
more fully in a review of the present state of our knowledge as 
to the development of the mesoblast in the different groups. 

To this I now pass. 

In a paper on the " Early stages of development in Verte- 
brates*" a short resum^ was given of the development of the 
mesoblast throughout the animal kingdom, which it may be 
worth while repeating here with a few additions. So far as we 
know at present, the mesoblast is derived from the hypoblast 
in the following groups: 

Echinoderms(Hensen, Agassiz, Metschnikoff, Selenka, Gotte), 
Nematodes (Butschli), Sagitta (Kowalevsky, Butschli), Lum- 
bricus and probably other Annelids (Kowalevsky), Brachiopoda 
(Kowalevsky), Crustaceans (Bobretzky), Insects (Kowalevsky, 
Ulianin, Dohm), Myriapods (Metschnikoff), Tunicates (Kowa- 
levsky, Kuppfer), Petromyzon (Owsjanikoff), Osseous fishes 
(Oellacher, G5tte, Kowalevsky), Elasmobranchs (Self), Amphi- 
bians (Bemak, Strieker, Gotte). 

The list includes members from the greater number of the 
groups of the animal kingdom; the most striking omis- 
sions being the Coelenterates, MoUusks, and the Amniotic Ver- 
tebrates. The absence of the Coelenterates has been already 
explained,and my grounds for regarding the Amniotic Vertebrates 
as apparent rather than real exceptions have also been pointed 
out. The Mollusks, however, remain as a large group, in which 
we as yet know very little as to the formation of the mesoblast, 

^ Quart. JL of Micros, Science^ July, 1876. 
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Dr Rabl *, who seems recently to have studied the develop- 
ment of Lymnseus by means of sections, gives some figure? 
shewing the origin of the mesoblast; they are, however, too 
diagrammatic to be of much service in settling the present 
question, and the memoirs of Professor Lankester* and Dr 
FoP are equally inconclusive for this purpose, for, though they 
contain figures of elongated and branched mesoblast cells 
passing from the epiblast to the hypoblast, no satisfactory 
representations are given of the origin of these cells. I have 
myself observed in embryos of Turbo or Trochus similar 
elongated cells to those figured by Lankester and Fol, but wa^ 
unable clearly to determine whence they arose. The most accu- 
rate observations which we have on this question are those of 
Professor Bobretzky \ In Nassa he finds that the three embry- 
onic layers are all established during segmentation. The outer- 
most and smallest cells form the epiblast, somewhat larger cells 
adjoining these the mesoblast, and the large yolk-cells the hypo- 
blast These observations do not, however, demonstrate from 
which of the primary layers the mesoblast is derived. 

The evidence at present existing is clearly in favour of the 
mesoblast being, in almost all groups of animals, developed from 
the hypoblast, but strong as this evidence is, it has not its full 
weight unless the actual manner in which the mesoblast is in 
many groups derived from the hypoblast, is taken into consider- 
ation. The most important of these are the Echinoderms, 
Brachiopods and Sagitta. 

In the Echinoderms the mesoblast is in part formed by cells 
budded off from the hypoblast, the remainder, however, arises as 
one or more diverticula of the alimentary tract From the separate 
cells first budded oflF there are formed the cutis, part of the 
connective tissue and the calcareous skeleton*. The diverticula 
from the alimentary cavity form the water-vascular system and 
the somatic and splanchnic layers of mesoblast. The cavity of 

^ Jenaische Zeitschrift, Vol. ix. 

8 Quart. Jl. of Micros. Science, Vol. xxv. 1874, and Phil. Trans. 1875. 

' Archives de Zoologie, Vol. iv. 

* Archiv f, Micr. Anat. Vol. xiii. 

^ The recent researches of Selenka, Zeitschrift f. Wiss. Zoologie, Vol. xxvn. 
1876, demonstrate that in Echinoderms the muscles are derived from the cells 
first split off from the hypoblast, and that the diverticula only form the water- 
vascular system and the epithelial lining of the body-cavity. 
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the diverticula after the separation of the water-vascular system, 
forms the body-cavity. The outer lining layer of the cavity forms 
the somatic layer of mesdbiast and the voluntary muscles; the 
inner lining layer the splanchnic mesoblast which unites with the 
epithelium of the alimentary tract. Though this fundamental 
arrangement would seem to be universal amongst Echinoderms, 
ooosideiable variations of it are exhibited in different groups. 

There is one outgrowth from the alimentary tract in Sy- 
m^ta ; two in Echinoids, Asteroids and Ophiura ; three in 
Comatnla^ and four (?) in Ampbiura. The cavity of the out- 
growth usually forms the body-cavity, but sometimes in Ophiura 
and Amphiura (Metschnikoff) the outgrowths are from the first 
€fr soon become solid, and only secondarily acquire a cavity, 
whidi is however homologous with the body-cavity of the other 
groups. 

In Sagitta^ the formation of the mesoblast and the ali- 
mentaiy tract takes place in nearly the same fashion as in the 
Echinoderms. The simple invaginate alimentary cavity becomes 
divided into three lobes, a central and two lateraL The two 
lateral lobes are gradually more and more constricted off from 
the central one^ and become eventually quite separated from it; 
their cavities remain independent, and form in the adult the 
body-cavity, divided by a mesentery into two distinct lateral 
sections. The inner layer of eax:h of the two lateral lobes forms 
the mesoblast of the splanchnopleure, the outer layer the meso- 
blast of the somatopleure. The central division of the primitive 
gastraea cavity remains as the alimentary tract of the adult. 

The remarkable observations of Kowalevsky* on the devel- 
opment of the Brachiopoda have brought to light the unex- 
pected tact that in two genera at least (Argiope and Tere- 
bratnla) the mesoblast and body-cavity develope as paired 
constrictions from the alimentary tract in a manner almost 
identically the same as in Sagitta. 

It thus appears that, so far as can be determined from the 
facts at our disposal, the mesoblast in almost all cases is derived 

1 Kofwalevsky, Wfirmer n. Arthropoden, Mem, Acad. Petersbourg, 1871. 

* Znr EntwicUmigsgescliichte d. Brachiopoden ProtokoU d. Ersten Sesdon der 
VenAiniiiliiiig Bussificher Katnrforseher i. Kasan, 1873. Pnblished in Kaiser- 
Uehe GeulUchaft Mo§kau, 1874 (BuBsian). Abeiractod in Hoffmann and 
SehwaUie, JahrtMheriehi /. 1873. 
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from the hypoblast, and in three widely sepiarated groups it 
arises as a pair of diverticula from the alimentary tract, each 
diverticulum containing a cavity which eventually becomes the 
body-cavity. I have elsewhere suggested * that -the origin of 
the mesoblast from alimentary diverticula is to be regarded as 
primitive for all higher animals, and that the more general cases 
in which the mesoblast becomes split off, as an undivided layer, 
from the hypoblast, are in reality derivates from this. The 
chief obstacle in the way of this view arises from the difficulty 
of understanding how the whole voluntary muscular system can 
have been derived at first from the alimentary tract. That part 
of a voluntary system of muscles might be derived from the con^ 
tractile diverticula of the alimentary canal attached to the body* 
wall is not difficult to understand, but it is not easy to believe 
that the secondary system so formed could completely replace 
the primitive muscular system, derived, as it must have been, 
from the epiblast In my paper above quoted will be found 
various speculative suggestions for removing this difficulty, 
which I do not repeat here. If it be granted, however, that 
in Sagitta, Brachiopods, and Echinoderms we have genuine 
examples of the formation of the whole mesoblast from ali- 
mentary diverticula, it is easy to see how the formation of the 
mesoblast in Vertebrates may be a second derivate from an 
origin of this nature. 

An attempt has been already made to shew that the meso- 
blast in Elasmobranchs is formed in a veiy primitive fashion, 
and for this reason the Elasmobranchs appear to be especially 
adapted for determining whether any signs are exhibited of a 
derivation of the mesoblast as paired diverticula of the ali- 
mentary tract. There are, it appears to me, several such 
features. In the first place, the mes jblast is split off from the 
hypoblast not as a single mass but as a pair of distinct masses, 
comparable with the paired diverticula already alluded to. 
Secondly, the body-cavity when it appears in the mesoblast 
plates, does not arise as a single cavity, but as a pair of cavities^ 
one for each plate of mesoblast, and these cavities remain 
permanently distinct in some parts of the body, and nowhere 
unite till a comparatively late period. Thirdly, the primitive 
1 CompariBon of Early Stages, Quart, JU Micros, Seience, July, 1875* 
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body-cavity of the embryo is not confined to the region in 
which a body-cavity exists in the adult, btU extends to the 
summit of the mtLScle-plates, at first separating parts which 
become completely fused in the adult to form the great lateral 
muscles of the body. It is difficult to understand how the body* 
cavity could have such an extension as this, on the supposition 
that it represents a primitive split in the mesoblast between 
the wall of the gut and the body-wall ; but its extension to this 
part is quite intelligible, on the supposition that it represents 
the cavities of two diverticula of the alimentary tract, from 
whose muscular walls the voluntary muscular system has been 
derived. Lastly, I would point out that the derivation of part 
of the muscular system from what appears as the splanchno- 
pleure is quite intelligible on the assumed hypothesis, but, as 
far as I see, on no other. 

Such are the main features presented by the ipesoblast in 
Elasmobranchs, which favour the view of its having originally 
formed the walls of the alimentary diverticula. Against this 
view of its nature are the facts (1) of the mesoblast plates 
being at first solid, and (2), as a consequence of this, of the body- 
cavity never communicating with the alimentary canal. These 
points, in view of our knowledge of embryological modifica- 
tions, cannot be regarded as great difficulties to my view. We 
have many examples of organs, which, though in most cases 
arising as involutions, yet appear in other cases as solid in- 
growths. Such examples are afforded by the optic vesicle, audi- 
tory vesicle, and probably also by the central nervous system, of 
Osseous Fish. In most Vertebrates these organs are formed as 
hollow involutions from the exterior ; in Osseous Fish, however, 
as solid involutions, in which a cavity secondarily appears. 

The segmental duct of Elasmobranchs or the Wolffian duct 
(segmental duct) of Birds are cases of a similar kind, being 
organs which must originally have been formed as hollow 
involutions, but which now arise as solid bodies. 

Only one more instance of this kind need be cited, taken 
from the Echinoderms. 

The body-cavity and the mesoblast investing it arise in 
the case of most Echinoderms as hollow involutions of the 
alimentary tract, but in some exceptional groups, Ophiura 
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and Amphiura^ are stated to be solid at first and only sub*- 
sequently to become hollow. Should the accuracy of Metsch* 
nikoff's account of this point be confirmed, an almost exact paral'- 
lei to what has been supposed by me to have occurred with the 
mesoblast in Elasmobranchs, and other groups, will be supplied 
The tendency of our present knowledge appears to be in 
favour of regarding the body-cavity in Vertebrates as having 
been primitively the cavity of alimentary diverticula, and the 
mesoblast as having formed the waUs of the diverticula. 

This view, to say the least of it, suits the facts which we 
know far better than any other theory which has been pro- 
posed, and though no doubt the d priori difficulties in its way 
are very great, yet it appears to me to be sufficiently strongly 
supported to deserve the attention of investigators. In the 
meantime, however, our knowledge of invertebrate embryology 
is so new and imperfect that no certainty on a question like 
that which has just been discussed can be obtained ; and any 
generalizations made at present are not unlikely to be upset by 
the discovery of fresh facts. 

The only other point in connection . with the mesoblast 
which I would call attention to is the formation of the ver- 
tebral bodies. 

My observations confirm those of Bemak and Gegenbaur, 
shewing that there is a primary segmentation of the vertebral 
bodies corresponding to that of the muscle-plates, followed by a 
secondary segmentation in which the central lines of vertebral 
bodies are opposite the partitions between the muscle-plates. 

The explanation of these changes is not difficult to find. 
The primary segmentation of the body is that of the muscle- 
plates, which must have been present at a time when the. 
vertebral bodies had no existence. As soon however as the 
notochordal sheath was required to be strong as well as flexible, 
it necessarily became divided into a series of segments. 

The conditions under which the lateral muscles can cause 
the flexure of the vertebral column are clearly that each 
muscle- segment shall be capable of acting on two vertebrae; 
and this condition can only be fulfilled when the muscle- 
segments are opposite the intervals between the vertebrap. 
Owing to this necessity, when the vertebral segments became. 
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formed, their centres corresponded, not with the centres of 
the muscle-plates, but with the inter-muscular septa. 

These considerations fully explain the secondary segmen- 
tation of the vertebraB by which they become opposite the 
inter-muscular septa. On the other hand, the primary seg- 
mentation is clearly a remnant of the time when no ver- 
tebral bodies were present, and has no greater morphological 
significance than the fact that the cells to form the unseg* 
mented investment of the notochord were derived from the 
segmented muscle-plates, and only secondarily became fused 
into a continuous tube. 

The Urino-genitcU System. 

The first traces of the urinary system become visible at 
about the time of the appearance of the third viscei-al cleft. At 
about this period the somatopleure and splanchnopleure become 
more or less fused together at the level of the dorsal aorta, and 
thus, as has been already mentioned, each of the original plates 
of mesoblast becomes divided into a vertebral plate and lateral 
plate (PL X. fig. 6). The mass of cells resulting from this fusion 
corresponds with Waldeyer's intermediate cell-mass in the Fowl. 

At about the level of fifth protovertebra the first trace of 
the urinary system appears. 

From the intermediate cell-mass a solid knob grows outwards 
towards the epiblast (woodcut, fig. 4, pd). This knob consists at 
first of 20 — 30 cells, which agree in character with the neigh- 
bouring cells of the intermediate cell-mass, and are at this 
period rounded. -It is mainly, if not entirely, derived from the 
somatic layer of the mesoblast. 

From this knob there grows backwards a solid rod of cells 
which keeps in very close contact with the epiblast, and 
rapidly diminishes in size towards its posterior extremity. Its 
hindermost part consists in section of at most one or two cells. 
It keeps so close to the epiblast that it might be supposed to 
be derived from that layer were it not for the sections shewing 
its origin from the knob above mentioned. We have in this 
rod the commencement of what I have elsewhere* called the 
segmental duct. 

1 Urinogenital Organs of Vertebratefi, Joum. of Anat. and Phyg. Vol. x. 
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The Keotioni h« to shew the dBrelopment of the Begmeotal duet (fpd) or primi- 
tive daot ol the kidaeyi. In A (the anterior of the two iections) this 
appears ai as a solid knob projeoting towardg the eplbU«t. In B ia seen 
a aeotion ot the oolninn wbioh hoa grown backwards from the knob in A. 

fpn. mdiment of a niinal nerve ; mc. mednLlarr oanal ; eh. notoohord; 
X. string ol oella below the notochord ; inp. mnsole-plate ; «^, apeoiallj 
developed portion of mnaole- plate ; ao. dorsal ai^ta; pd, segmenttd 
dnot. to. Bomatoplenra : ip. eplknohnoplenrft ; pp. ptenioperitoneal oi 
bo^-earitj; ep. epil^Mt; al, alimentar;^ oanaL 

iiy observations shew that the segmental duct is developed 
in tho way just described in both Priatiurua and Torpedo. Its 
origin ia Priatiurua ia ahewn in the adjoining woodcut, and in 
Torpedo in Plate X. fig. Tsd. 

At a stage somewhat older than I, the condition of the 
segmental duct haa not very materially altered. It has in- 
creased conaiderably in length, and the knob at its &OQt end 
is both absolutely smaller, and also consists of fewer cells than 
before (PI. X. fig. 7 sd). These cells have become more columnar, 
and have begun to arrange themaelvea radially; thus indicating 
tho early appearance of the lumen of the dnct. The cells 
forming tho front part of the rod, as well as those of the knob, 
commence to exhibit a columnar character, but in the hinder 
part of the rod the cells are still rounded. In no part of it 
has a lumen appeared. 

At this period also the knob, partly owing to the com- 
mencing separation of the muscle-plate from the remainder of 
the mesoblast, begins to pass inwards and approach the pleuro- 
peritoneal cavity. 

At the same stage the first not very distinct traces of the 
remainder of the urinary system become developed. These 
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appear in the form of solid outgrowths from the intermediate 
cell-mass just at the most dorsal part of the body-cavity. 

The outgrowths correspond in numbers with the vertebral 
segments, and are at first quite disconnected with the seg- 
mental duct. At this stage they are only distinctly visible 
in the first few segments behind the front end of the segmental 
duct. A full description of them will come more conveniently 
in the next stage. 

By a stage somewhat earlier than K important changes 
have taken place in the urinary system. 

The segmental duct has acquired a lumen in its anterior 
portion, which opens at its front end into the body-cavity. 
(PL XL fig. 9 sd). The lumen is formed by the columnar cells 
spoken of in the last stage, acquiring a radiating arrangement 
round a central point, at which a small hole appears. After the 
lumen has once become formed, it rapidly increases in size. 

The duct has also grown considerably in length, but its 
hind extremity is still as thin, and lies as close to the epiblast, 
as at first. The segmental involutions which commenced to 
be formed in the last stage, have now appeared for every 
vertebral segment along the whole length of the segmental 
duct, and even for two or three segments behind this. 

They are simple independent outgrowths arising from the 
outer and uppermost angle of the body -cavity, and are at first 
almost without a trace of a lumen, though their cells are arranged 
as ,Ji22J|^yg5f; They grow in such a way as to encircle the 
nYidurt/pn its inner and upper side (PL x. fig. 8 and PL xi. fig. 
14 6. 9t). When the hindermost ones are formed, a slight trace 
of a lumen is perhaps visible in the front ones. At a stage 
slightly subsequent to this, in Scyllium Canicula, I noticed 29 
of them ; the first of them arising in the segment immediately 
behind the front end of the oviduct (PL XT. fig. 17 st), and two 
of them being formed in segments just posterior to the hinder 
extremity of the oviduct. 

PL XI. fig. 16 and 18 represent two longitudinal sections 
shewing the segmental nature of the involutions and their 
relation to the segmental duct. 

Many of the points which have been mentioned can be 
seen by referring to PL x. and xi. Anteriorly the segmental 
duct opens into the pleuro-peritoneal cavity. In the sections 

B. 9 
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behind this there may be seen the segmental duct with a distinct 
lumen, and also a pair of s^mental involutions (PI. XL fig. 14 a)^ 
In the still posterior sections the segmental duct would be quite 
without a lumen, and would closely adjoin the epiblast. 

It seems not out of place to point out that the modes of 
the development of the segmental duct and of the segmental 
involutions are strikingly similar. Both arise as sciid involu- 
tions, from homologous parts of the mesoblast. The seg^ 
mental duct arises in the vertebral segment immediately in 
front of that in which the first segmental involution appears ; 
90 that the sefftnental duct appears to be equivaJewt to a single 
segmental involution. 

The next stage corresponds with the first appearance of the 
external gills. The segmental duct now communicates by a 
wide opening with the body-cavity (PL xi. fig. 9 sd). It pos- 
sesses a lumen along its whole length up to the extreme hind 
end (PL XL fig. 9 a). It is, however, at this hinder extremity 
that the most important change has taken place. This end has 
grown downwards towards that part of the alimentary canal 
which still lies behind the anus. This downgrowth is begin- 
ning to shew distinct traces of a lumen, and will appear in the 
next stage as one of the horns by which the segmental ducts 
communicate with the cloaca (PL xi. fig. 9 b). All the anterior 
segmental involutions have now acquired a lumen. But this 
is still absent in the posterior ones (PL xi. fig. 9 a). 

Owing to the disappearance of the body-cavity in the 
region behind the anus, the primitive involutions there remain 
as simple masses of cells still disconnected with the segmental 
duct (PL XL fig. 9 6, 9 c and 9 d). 

Primitive Ova, The true generative products make their 
first appearance as the primitive ova between stages I and K. 

In the sections of one of my embryos of this stage they are 
especially well shewn, and the following description is taken 
from those displayed in that embryo. 

They are confined to the region which extends posteriorly 
nearly to the end of the small intestine and anteriorly to the 
abdominal opening of the segmental duct. 

Their situation in this region is peculiar. There is no trace 

of a distinct genital ridge, but the ova mainly lie in the dorsal 

portion of the mesentery, andtWrefotemaijart of the mesoblast 
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which distinctly belongs to the splanchnopleure (PL Xi. fig. 14a). 
Some are situated external to the segmental involutions ; and 
others again, though this is not common, in a part of the 
mesoblast which distinctly belongs to the body-wall (PL xi. 
fig. 14 6). 

The portion of mesentery in which the primitive ova are 
most densely aggregated, corresponds to the future position of 
the genital ridge, but the other positions occupied by ova 
are quite outside this. Some ova are in fact situated on the 
outside of the segmental duct and segmented tubes, and must 
therefore effect a considerable migration before reaching their 
final positions in the genital ridge on the inner side of the 
segmental duct (PL xi. fig. 14 b). 

The condition of the tissue in which the ova appear may at 
once be gathered from an examination of the figures given. 
It consists of an irregular epithelium of cells partly belonging 
to the somatopleure and partly to the splanchnopleure, but 
passing uninterruptedly from one layer to the other. The 
cells which compose it are irregular in shape, but frequently 
columnar (PL xi. fig. 14 a and 14 b). 

They are formed of a nucleus which stains deeply, invested 
by a very delicate layer of protoplasm. At the junction of somato- 
pleure and splanchnopleure they are more rounded than else- 
where. Very few loose connective-tissue cells are present. The 
cells just described vary from '008 Mm. to '01 Mm. in diameter. 

The primitive ova are situated amongst them and stand out 
with extraordinary clearness, to which justice is hardly done in 
my figures. 

The normal full-sized ova exhibit the following structure. 
They consist of a mass of somewhat granular protoplasm of 
irregular, but more or less rounded, form. Their size varies 
from "016 — OSeMm. In their interior a nucleus is present, 
which varies from '012 — '016 Mm., but its size as a rule bears no 
relation to the size of the containing celL 

This is illustrated by the subjoined list of measurements. 

The numbers given refer to degrees on my micrometer scale. 

Since it is the ratio alone which it is necessary to call 
attention to, the numbers are not reduced to decimals of a 
millimeter. Each degree of my scale is equal, however, with 
the object glass employed^ to '002 Mm. 
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Size of Primitiye ova in Size of nnelens of PrimiiiYe 

degrees of micrometer scale ova in degrees of micrometer 

with F. ocnl 2. scale with F. oonl 2. 

10 8 

13 8 

13 8 

14 7 

15 7 

13 7i 

11 8 

16 5i 

12 7 

10 7 

15 6 

13 6 

12 7 

This series brings out the result I have just mentioned with 
great clearness. 

In one case we find a cell has three times the diameter of 
the nucleus 16 : 5^; in another case 10 : 8, the nucleus has 
only a slightly smaller diameter than the cell. The irration- 
ality of the ratio is fairly shewn in some of my figures, though 
none of the largest cells with very small nuclei have been 
represented. 

The nuclei are granular, and stain fairly well with lidema« 
toxylin. They usually contain a single deeply stained nucle- 
olus, but in many cases, especially where large (and this 
independently of the size of the cell), they contain two nucleoli 
(PI. XI. fig. 14 c and 14 c?), and are at times so lobed as to give 
an apparent indication of commencing division, 

A multi-nucleolar condition of the nuclei, like that figured 
by Gotte\ does not appear till near the close of embryonic 
life, and is then found equally in the large ova and in those 
not larger than the ova which exist at this early date. 

As regards the relation of the primitive ova to each other 
and the neighbouring cells, there are a few points which de- 
serve attention. In the first place, the ova are, as a rule, 
collected in masses at particular points, and not distributed uni- 
formly (fig. 14 a.) The masses in some cases appear as if they had 

^ Entwicklungsgeschichte der Untie ^ PL i. fig. 8. 
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resulted from the division of one primitive ovum, but can hardly 
be adduced as instances of a commencing coalescence ; since if 
the ova thus aggregated were to coalesce, an ovum would be 
produced of a very much greater size than any which is found 
during the early stages. Though at this stage no indication 
is present of such a coalescence of cells to form ova as is be- 
lieved to take place by Gotte, still the origin of the primitive 
ova is not quite clear. One would naturally expect to find a 
great number of cells intermediate between primitive ova and 
ordinary columnar cells. Cells which may be intermediate are 
no doubt found, but not nearly so frequently as might have 
been anticipated. One or two cells are shewn in PL xi. fig. 
14 a. a?, which are perhaps of an intermediate character; but 
in most sections it is not possible to satisfy oneself that any 
such intermediate cells are present. 

In one case what appeared to be an intermediate cell was 
measured, and presented a diameter of '012 Mm. while its 
nucleus was '008 Mm. Apart from certain features of the 
nucleus, . which at this stage are hardly very marked, the 
easiest method of distinguishing a primitive ovum from an 
adjacent cell is the presence of a large quantity of protoplasm 
around the nucleus. The nucleus of one of the smallest primi^ 
tive ova is not larger than the nucleus of an ordinary cell (being 
about '008 Mm. in both). It is perhaps the similarity in the size 
of the nuclei which renders it difficult at first to distinguish 
developing primitive ova from ordinary cells. Except with the 
very thinnest sections a small extra quantity of protoplasm 
around a nucleus might easily escape detection, and the de* 
veloping cell might only become visible when it had attained 
to the size of a small typical primitive ovum. 

It deserves to be noticed that the nuclei even of some of 
the largest primitive ova scarcely exceed the surrounding nuclei 
in size. This appears to me to be an argument of some weight 
in shewing that the great size of primitive ova is not due to 
the fact of their having been formed by a coalescence of dif- 
ferent cells (in which case the nucleus would have increased iii 
the same proportion as the cell) ; but to an increase by a normal 
method of growth in the protoplasm around the nucleus. 

It appears to me to be a point of great importance certainly 
to determine whether the primitive ova arise by a meta- 
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morphosis of adjoining oells^ or may not be introduced from else- 
where. In some of the lower animals, e. g. Hydrozoa^ there is no 
question that the ova are derived from the epiblast ; we might 
therefore expect to find that they had the same origin in Yerte* 
brates. Further than this, ova are frequently capable in a 
young state of executing amceboid movements, and accordingly 
of migrating from one layer to another. In the Elasmobranchs 
the primitive ova exhibit in a hardened state an irregular form 
which might appear to indicate that they possess a power of 
altering their shape, a view which is further supported by some 
of them being at the present stage situated in a position veiy 
different from that which they eventually occupy, and which 
they can only reach by migration. If it could be shewn that 
there were no intermediate stages between the primitive ova 
and the adjoining cells (their migratory powers being admitted) 
a strong presumption would be offered in favour of their having 
migrated from elsewhere to their present position. In view 
of this possibility I have made some special investigations, 
which have however led to no very satisfactory results. There 
are to be seen in the stages immediately preceding the present 
one, numerous cells in a corresponding position to that of the 
primitive ova, which might very well be intermediate between 
the primitive ova and ordinary cells, but which offer no suffi- 
ciently well marked features for a certain determination of 
their true nature. 

In the particular embryo whose primitive ova have been 
described these bodies were more conspicuous than in the 
majority of cases, but at the same time they presented no 
special or peculiar characters. 

In a somewhat older embryo of Scyllium the cells amongst 
which the primitive ova lay had become very distinctly dif- 
ferentiated as an epithelium (the germinal epithelium of 
Waldeyer) well separated by what might almost be called a 
basement membrane from the adjoining connective-tissue cells. 
Hardly any indication of a germinal ridge had appeared, but 
the ova were more definitely confined than in previous embryos 
to the restricted area which eventually forms this. The ova 
on the average were somewhat smaller than in the previous 

cases. 

In several embryos intermediate in age between the embryo 
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whose primitive ova were described at the commencement of 
this section and the embryo last described, the primitive ova 
presented some peculiarities, about the meaning of which I 
am not quite clear, but which may perhaps throw some light 
on the origin of these bodies. 

Instead of the protoplasm around the nucleus being clear or 
slightly granular, as in the cases just described, it was filled in 
the most typical instances with numerous highly refracting 
bodies resembling yolk-spherules. In osmic acid specimens (PI. 
XL fig. 15) these stain very darkly, and it is then as a rule very 
difficult to see the nucleus ; in specimens hardened in picric 
acid and stained with haematoxylin these bodies are stained of 
a deep purple colour, but the nucleus can in most cases be dis- 
tinctly seen. In addition to the instances in which the proto- 
plasm of the ova is quite filled with these bodies, there are 
others in which they only occupy a small area adjoining the 
nucleus (PI. XL fig. 15 a), and finally some in which only one or 
two of these bodies are present. The protoplasm of the 
primitive ova appears in fact to present a series of gradations 
between a state in which it is completely filled with highly 
refracting spherules and one in which these are completely 
absent. 

This state of things naturally leads to the view that the 
primitive ova, when they are first formed, are filled with these 
spherules, which are probably yolk-spheniles, but that they 
gradually lose them in the course of development. Against 
this interpretation is the fact that the primitive ova in the 
younger embryo first described are completely without these 
bodies; this embryo however unquestionably presented an 
abnormally early development of the ova; and I am satisfied 
that embryos present considerable variations in this respect. 

If the primitive ova are in reality in the first instance 
filled with yolk-spherules, the question arises as to whether, 
considering that they are the only mesoblast cells filled at this 
period with yolk-spherules, we must not suppose that they 
have migrated from some peripheral part of the blastoderm 
into their present position. To this question I can give no 
satisfactory answer. Against a view which would regard the 
spherules in the protoplasm as bodies which appear subsequently 
to the first formation of the ova, is the fact that hitherto 
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no instances in which these spherules were present have been 
met with in the late stages of development ; and they seem 
therefore to be confined to the first stages^ 

Ifotochord. 

The changes undergone by the notochord during this period 
present considerable diflFerences according to the genus ex* 
amined. One type of development is characteristic of Scyllium 
and Pristiurus ; a second type, of Torpedo. 

My observations being far more complete for Scyllium and 
Pristiurus than for Torpedo, it is to the two former genera 
only that the following account applies, unless the contrary 
is expressly stated. Only the development of the parts of 
the notochord in the trunk are here dealt with ; the cephalic 
section of the notochord is treated of in a subsequent section. 

During stage G the notochord is composed of flattened 
cells arranged vertically, rendering the histological characters 
of the notochord difficult to determine in transverse sections. 
In longitudinal sections, however, the form and arrangement 
of the cells can be recognised with great ease. At the beginning 
of stage G each cell is composed of a nucleus invested by 
granular protoplasm frequently vacuolated and containing in 
suspension numerous yolk-spherules. It is difficult to deter- 
mine whether there is only one vacuole for qach cell, or whether 
in some cases there may not be more than one. 

Round the exterior of the notochord there is present a 
distinct though delicate cuticular sheath. 

The vacuoles are at first small, but during stage G rapidly 
increase in size, while at the same time the yolk-spherules 
completely vanish from the notochord. 

As a result of the rapid growth of the vacuoles, the nuclei, 
surrounded in each case by a small amount of protoplasm, 
become pushed to the centre of the notochord, the remainder 
of the protoplasm being carried to the edge. The notochord 
thus becomes composed during stages H and I (PI. x. fig. 4 — 6) 
of a central area mainly formed of nuclei with a small quantity 
of protoplasm around them, and of a thin peripheral layer of 
protoplasm without nuclei, the widish space between the two 
being filled with clear fluid. The exterior of the cells is 
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indurated, so that they may be said to be invested by a mem- 
brane^; the cells themselves have a flattened form, and each ex- 
tends from the edge to the centre of the notochord, the long axis 
of each being rather greater than half the diameter of the cord. 

The nuclei of the notochord are elliptical vesicles, consisting 
of a membrane filled with granular contents, amongst which is 
situated a distinct nucleolus. They stain deeply with haema- 
toxylin. Their long diameter in Scyllium is about 0*02 Mm. 

The diameter of the whole notochord in Pristiurus during 
stage I is about 0*1 Mm. in the region of the back, and about 
0*08 Mm. near the posterior end of the body. 

Owing to the form of its constituent cells, the notochord 
presents in transverse sections a dark central area surrounded 
by a lighter peripheral one, but its true structure cannot be 
unravelled without the assistance of longitudinal sections. In 
these (PL xi. fig. 10) the nuclei form an irregular double row in 
the centre of the cord. Their outlines are very clear, but those 
of the individual cells cannot for certain be made out. It is, 
however, easy to see that the cells have a flattened and wedge- 
shaped form, with the narrow ends overlapping and inter- 
locking at the centre of the notochord. 

By the close of stage I the cuticular sheath of the notochord 
has greatly increased in thickness. 

During the period intermediate between stages I and K 
the notochord underoroes considerable transformations. Its 
cells cease to be flattened, and become irregularly polygonal, 
and appear but slightly more compressed in longitudinal sec- 
tions than in transverse ones. The vacuolation of the cells pro- 
ceeds rapidly, and there is left in each cell only a very thin 
layer of protoplasm around the nucleus. Each cell, as in the 
earlier stages, is bounded by a membrane-like wall 

Accompanying these general changes special alterations 
take place in the distribution of the nuclei and the protoplasm. 
The nuclei, accompanied by protoplasm, gradually leave the 
centre and migrate towards the periphery of the notochord. 
At the same time the protoplasm of the cells forms a special 
layer in contact with the investing sheath. 

^ This membrane is better looked npon, as is done by Gegenbaar aud Gotte, 
as intercellular matter. 

B. 10 
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The changes by which this takes place can easily be followed 
in longitudinal sections. In PI. XL fig. 11 the migration of the 
nuclei has commenced. They are still, however, more or less 
aggregated at the centre, and very little protoplci-sm is present 
at the edges of the notochord. The cells, though more or less 
irregularly polygonal, are still somewhat flattened. In PL xi. 
fig. 12 the notochord has made a further progress. The nuclei 
now mainly lie at the side of the notochord, where they exist in 
a somewhat shrivelled state, though still invested by a layer of 
protoplasm. 

A large portion of the protoplasm of the cord forms an 
almost continuous layer in close contact with the sheath, 
which is more distinctly visible in some cases than in others. 

While the changes above described are taking place the 
notochord increases in size. At the age of fig. 11 it is in the 
anterior part of the body of Pristiurus about 0*11 Mm, At the 
age of fig. 12 it is in the same species 0*12 Mm., while in Scyl* 
lium Stellare it reaches about 017 Mm. 

During stage K (PI. x. fig. 8) the vacuolation of the cells of 
the notochord becomes even more complete than during the 
earlier stages, and in the central cells hardly any protoplasm 
is present, though a starved nucleus surrounded by a little 
protoplasm may be found in an occasional comer. 

The whole notochord becomes very delicate, and can with 
great difficulty be conserved whole in transverse sections. 

The layer of protoplasm which appeared during the last 
stage on the inner side of the cuticular membrane of the 
notochord becomes during the present stage a far thicker and 
more definite structure. It forms a continuous layer with 
irregular prominences on its inner surface ; and contains nume- 
rous nuclei. The layer sometimes presents in transverse sec- 
tions hardly any indication of a division into a number of 
separate cells, but in longitudinal sections this is generally very 
obvious. The cells are directed very obliquely forwards, and 
consist of an oblong nucleus invested by protoplasm. The 
layer formed by them is very delicate and very easily destroyed. 
In one example its thickness varied from '004 to 'OOG Mm., in 
another it reached '012 Mm. The thickness of the cuticular 
membrane is about '002 Mm. or rather less. 
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The diameter of a notochord in the anterior part of the 
body of a Fristiurus embryo of this stage is about 0*21 Mm. 
Bound the exterior of the notochord the mesoblast cells are 
commencing to arrange themselves as a special sheath. 

In Torpedo the notochord at first presents the same 
structure as in Fristiurus^ i.e. it forms a cylindrical rod of 
flattened cells. 

The vacuolation of these cells does not however commence 
till a relatively very much later period than in Fristiurus, and 
also presents a very different character (Fl. X. fig. 7). 

The vacuoles are smaller, more numerous, and more rounded 
than in the other genera, and there can be no question that in 
many cases there is more than one vacuole in a cell. The 
most striking point in which the notochord of Torpedo differs 
from that of Fristiurus consists in the fact that in Torpedo 
there is never any aggregation of the nuclei at the centre of the 
cord, but the nuclei are always distributed uniformly through 
it. As the vacuolation proceeds the differences between Tor- 
pedo and the other genera become less and less marked. The 
vacuoles become angular in form, and the cells of the cord 
cease to be flattened, and become polygonal. 

At my final stage for Torpedo (slightly younger than K) 
the only important feature distinguishing the notochord from 
that of Fristiurus, is the absence of any signs of nuclei 
or protoplasm pacing to the periphery. Around the exterior 
of the cord there is early found in Torpedo a special invest- 
ment of mesoblastic cells. 
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CHAPTER VII. 

Genekal Development of the Trunk from Stage H 
TO THE Close of Embryonic Life. 

Eoctemal Epiblast. 

The change already alluded to in the previous chapter (p. 99) 
by which the external epiblast or epidermis becomes divided 
into two layers, is completed before the close of stage L. 

In the tail region at this stage three distinct strata may be 
recognized in the epidermis. (1) An outer stratum of flattened 
homy cells, which fuse together to form an almost continuous 
membrane. (2) A middle stratum of irregular partly rounded 
and partly flattened cells. (3) An internal stratum of columnar 
cells, bounded towards the mesoblast by a distinct basement 
membrane (PI. xil. fig. 8), unquestionably pertaining to the 
epiblast. This layer is especiaUy thickened in the terminal parts 
of the paired fins (PL xii. fig. 1). The two former of these 
strata together constitute the epidermic layer of the skin, and 
the latter the mucous layer. 

In the anterior parts of the body during stage L the skin 
only presents two distinct strata, viz. an inner somewhat 
irregular layer of rounded cells, the mucous layer, and an outer 
layer of flattened cells (PI. XIL fig. 8). 

The remaining history of the external epiblast, consisting as 
it does of a record of the gradual increase in thickness of the 
epidermic strata, and a topographical description of its varia- 
tions in structure and thickness in different parts, is of no 
special interest and need not detain us here. 

In the late embryonic periods subsequent to stage Q the 
layers of the skin cease to be so distinct as at an earlier period, 
partly owing to the innermost layer becoming less columnar, 
and partly to the presence of a large number of mucous cells, 
which have by that stage made their appearance. 

I have followed with some care the development of the 
placoid scales, but my observations so completely accord with 
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those of Dr O. Hertwig*, that it is not necessary to record 
them. The so-called enamel layer is a simple product of the 
thickening and calcification of the basement membrane^ and 
since this membrane is derived from the mucous layer of epi- 
dermis, the enamel is clearly to be viewed as an epidermic 
product. There is no indication of a gradual conversion of the 
bases of the columnar cells forming the mucous layer of the 
epidermis into enamel prisms^ as is frequently stated to occur 
in the formation of the enamel of the teeth in higher Verte- 
brates. 

Lateral line. 

The lateral line and the nervous structures appended to it 
have been recently studied from an embryological point of 
view by Q5tte* in Amphibians and by Semper* in Elasmo- 
branchs. 

The most important morphological result which these two 
distinguished investigators believe themselves to have arrived 
at is the direct derivation of the lateral nerve from the ecto- 
derm. On this point there is a complete accord between them, 
and Semper especially explains that it is extremely easy to 
establish the fact. 

As will appear from the sequel, I have not been so fortunate 
as Semper in elucidating the origin of the lateral nerve, and 
my observations bear an interpretation not in the least in 
accordance with the views of my predecessors, though not 
perhaps quite conclusive against them. 

It must be premised that two distinct structures have to 
be dealt with, viz. the lateral line formed of modified epidermis, 
and the lateral nerve whose origin is in question. 

The lateral line is the first of the two to make its appear- 
ance, at a stage slightly subsequent to K, in the form of a linear 
thickening of the inner row of cells of the external epiblast, on 
each side, at the level of the notochord. 

This thickening, in my youngest embryo in which it is 
found, has but a very small longitudinal extension, being 

1 JenaUche Zeitschrift, Vol. vm. 

* Entwicklungggeschichte d. Unke. 

• Urogenital'gystem d, Selachier, Semper's Arbeiterit Bd. il 
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present through about 10 thin sections in the last part of the 
head and first part of the trunk. The thickening, though short, 
is very broad, measuring about 0*28 Mm. in transverse section, 
and presents no signs of a commencing differentiation of 
nervous structures. The large intestinal branch of the vagus 
can be seen in all the anterior sections in close proximity to 
this line, and appears to me to give off to it posteriorly a small 
special branch which can be traced through a few sections, vide 
Fl. XII. fig. 2 n,L But this branch is not sufficiently well 
marked to enable me to be certain of its real character. In 
any case the posterior part of the lateral line is absolutely 
without any adjoining nervous structures or traces of such. 

The rudiment of the epidermic part of the lateral line 
is formed of specially elongated cells of the mucous layer of the 
epiblast, but around the bases of these certain rounder cells of 
a somewhat curious appearance are intercalated. 

There is between this and my next youngest embryo an 
unfortunately large gap with reference to the lateral line, 
although in almost every other respect the two embryos might 
be regarded as belonging to the same stage. The lateral line 
in the older embryo extends from the hind part of the head to 
a point well behind the anus, and is accompanied by a nerve for 
at least two-thirds of its length. 

In the foremost section in which it appears the intestinal 
branch of the vagus is situated not far from it, and may he 
seen at intervals giving off branches to it There is no sign 
that these are otherwise than perfectly normal branches of 
the vagus. Near the level of the last visceral cleft the in- 
testinal branch of the vagus gives off a fair-sized branch, which 
from the first occupies a position close to the lateral line though 
well within the mesoblast (PI. xii. fig. 3a, nX), This branch 
is the lateral nerve, and though somewhat larger, is otherwise 
much like the nerve I fancied I could see originating from the 
intestinal branch of the vagus during the previous stage. 

It rapidly thins out posteriorly and also approaches closer 
and closer to the lateral line. At the front end of the trunk 
it is quite in contact with it, and a short way behind this region 
the cells of the lateral line arrange themselves in a gable- like 
form, in the angle of which the nerve is situated (PI. xii. 



BEVELOFMEKT OF ELASMOBBANCH FISHES. 143 

fig. 36^ and 3c). In this position the nerve though small 
is still very distinct in all good sections, and is formed of a rod 
of protoplasm, with scattered nuclei, in which I could not detect 
a distinct indication of cell-areas. The hinder part of the nerve 
becomes continually smaller and smaller, without however pre- 
senting any indication of becoming fused with the epiblast, and 
eventually ceases to be visible some considerable distance in 
front of the posterior end of the lateral line. 

The lateral line itself presents some points of not incon- 
siderable interest. In the first place, it is very narrow an- 
teriorly and throughout the greater part of its length, but 
widens out at its hinder end, and is widest of all at its ter- 
mination, which is perfectly abrupt. The following measure- 
ments of it were taken from an embryo belonging to stage L, 
which though not quite my second youngest embryo is only 
slightly older. At its hinder end it was 0*17 Mm. broad. At 
a point not far from this it was 009 Mm. broad, and anteriorly 
it was 0'05 Mm. broad. These measurements clearly show that 
the lateral line is broadest at what may be called its growing- 
point, a fact which explains its Extraordinary breadth in the 
anterior part of the body at my first stage, viz. 0*28 Mm., a 
breadth which strangely contrasts with the breadth, viz. 005 Mm., 
which it has in the same part of the body at the present stage. 

It still continues to form a linear area of modified epidermis, 
and has no segmental characters. Anteriorly it is formed by 
the cells of mucous layer becoming more columnar (PL xii. 
fig. 3a). In its middle region the cells of the mucous layer 
in it are still simply elongated, but, as has been said above, 
have a gable-like arrangement, so as partially to enclose the 
nerve (PI. xil fig. 36). Nearer the hind end of the trunk a 
space appears in it between its columnar cells and the flattened 
cells of the outermost layer of the skin (PI. xii. fig. 3c), and 
this space becomes posteriorly invested by a very definite layer 
of cells. The space (PL xii. fig. 3d) or lumen has a slit-like 
section, and is not formed by the closing in of an originally 
open groove, but by the formation of a cavity in the midst 
of the cells of the lateral line. Its walls are formed by a layer 
of columnar cells on the inner side, and flattened cells on the 
outer side, both layers however appearing to be derived from 
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the mucous layer of the epidermis. The outer layer of cells 
attains its greatest thickness dorsally. 

During stages M, N, O, the lateral nerve gradually passes 
inwards into the connective tissue between the dorso-lateral 
and the ventro-lateral muscles, and becomes even before the 
close of stage N completely isolated from the lateral line. 

The growth of the lateral line itself remains for some time 
almost stationary; anteriorly the cells retain the gable-like 
arrangement which characterised them at an earlier period, 
but cease to enclose the nerve ; posteriorly the line retains its 
original more complicated constitution as a closed canaL In 
stage O the cells of the anterior part of the line, as well as 
those of the posterior, commence to assume a tubular arrange- 
ment, and the lateral line takes the form of a canaL The tubular 
form is due to a hollowing out of the lateral line itself and a 
rearrangement of its cells. As the lateral line becomes con- 
verted into a canal it recedes from the surface. 

In stage P the first indication of segmental apertures to the 
exterior make their appearance, vide PL xii. fig. 4. The lateral 
line forms a canal situated completely below the skin, but 
at intervals (corresponding with segments) sends upwards and 
outwards prolongations towards the exterior. These prolonga- 
tions do not during stage P acquire external openings. As 
is shown in my figure, a special area of the inner border of the 
canal of the lateral line becomes distinguished by its structure 
from the remainder. 

No account of the lateral line would be complete without 
some allusion to the similar sensory structures which have such 
a wide distribution on the heads of Elasmobranchs ; and this is 
especially important in the present instance, owing to the light 
thrown by a study of their development on the origin of the 
nerves which supply the. sense-organs of this class. The so- 
called mucous canals of the head originate in the same way as 
does the lateral line ; they are products of the mucous layer of 
the epidermis. They eventually form either canals with nume- 
rous openings to the exterior, or isolated tubes with terminal 
ampuUiform dilatations. 

I have not definitely determined whether the canal-system 
of the head arises in connection with the lateral line, or only 



DEVELOPMENT OF ELASMOBBANCH FISHES. 143 

eventually becomes so connected. The important point to be 
noticed ia, that at first no nervous structures are to be seen in 
connection with it. In stage O nerves for the mucous canals 
make their appearance as delicate branches of the main stems. 
These nerve-stems are very much ramified, and their branches 
have, in a large number of instances, an obvious tendency 
towards a particular sense-organ (PI. xii. figs. 5 and 6). 

I have not during stage been able to detect a case of 
direct continuity between the two. This is, however, esta- 
blished in the succeeding stage P> in the case of the canals, and 
the faciUty with which it may be observed would probably 
render the embryo Elasmobranch a very favourable object for 
studying the connection between nerves and terminal sense- 
organs. The nerve (PI. xn. fig. 7) dilates somewhat before 
uniting with the sense-organ, and the protoplasm of the nerve 
and the sense-organ become completely fused. The basement 
membrane of the skin is not continuous across their point of 
junction, and appears to unite with a delicate membrane-like 
structure, which invests the termination of the nerve. The 
ampullae would seem to receive their nervous supply somewhat 
later than the canals, and the terminal swellings t)f the nerves 
supplying them are larger than in the case of the canals, and 
the connection between the ampullae and the nerves not so 
clear. In the case of the head, there can for Elasmobranchs be 
hardly a question that the nerves which supply the mucous 
canals grow centrifugally from the original cranial nerve-stems, 
and do not originate in a peripheral manner from the integument. 

This is an important point to make certain of in settling 
any doubtful features in the nervous supply of the lateral 
line. Professor Semper ^ with whom as dealing with Elasmo- 
branchs we are more directly concerned, makes the following 
statement : "At the time when at the. front end the lateral nerve 
has already completely separated itself from the ectoderm, and 
is situated amongst the muscles, it still lies in the middle of 
the body close to the ectoderm, and at the hind end of the 
body is not yet completely segmented off (abgegliedert) from 
the ectoderm." Although the last sentence of this quotation 
ma) seem to be opposed to my statements, yet it appears to me 

^ Loc, cit. p. 398. 



146 DERITATIOK OF THE LATEBAL KEBYE. 

probable that Professor Semper has merely seen the lateral 
nerre partially enclosed in the ectoderm. This position of the 
nerre no doabt affords a presumptioRy hid only a presumption, 
in faronr of a direct origin of the lateral nerre from the ecto- 
derm ; bat against this interpretation of it are the following facts : 

(1) That the front part of the lateral line is undoubtedly 
supplied by branches which arise in the ordinary way fit>m the 
intestinal branch of the Tagus ; and we should not expect to 
find part of the lateral line supplied by nerves which originate 
in one way, and the remainder supplied by a nerve having 
a completely different and abnormal mode of origin. 

(2) The growth of the lateral line is quite independent of 
that of the lateral nerve : the latter arises subsequently to the 
lateral line, and, so &r as is shown by the inconclusive observa- 
tion of my earliest stage, as an ofi&hoot from the intestinal 
branch of the vagus ; and though it grows along at first in close 
contact with the lateral nerve, yet it never presents, so &r as I 
have seen, any indubitable indication of becoming split off from 
this, or of fusing with it. 

(3) The fact that the cranial representatives of the lateral 
line are supplied with nerves which originate in the normal 
way\ affords a strong argument in favour of the lateral line 
receiving an ordinary nerve-supply. 

Considering all these facts, I am led to the conclusion thxit 
the lateral nerve in Elasmohranchs arises as a branch of the 
vagus, and not as a direct product of the external epiblast 

An interesting feature about the lateral line and the similar 
cephalic structures, is the fact of these being the only sense 
organs in Elasmobranchs which originate entirely from the 
mucous layer of the epiblast. This, coupled with the well- 
known £acts about the Amphibian epiblast, and the fact that the 
mucous canals are the only sense-organs which originate subse- 
quently to the distinct differentiation of the epiblast into mu- 
cous and homy layers, goes far to prove* that the mucous layer 

1 Gotte extends his statements about the lateral nerve to the nerves supplying 
the mucous canals in the head ; but my observations appear to me, as far as 
Elasmobranchs are concerned, nearly conclusive against such a derivation of 
the nerves in the head. 

2 I believe that Gotte, amongst his very numerous valuable remarks in the 
Entwickliingsgeschichte der UnkCy has put forward a view similar to this, though 
I cannot put my hand on the reference. 
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is to be regarded as the active layer of the epiblast, and that 
after this has become di£Ferentiated, an organ formed from the 
epiblast is always a product of it. 



Muscle-Plates. 

The muscle-plates at the close of stage K were flattened 
angular bodies with the apex directed forwards, their ventral 
edge being opposite the segmental duct, and their dorsal edge 
on a level with the middle of the spinal cord. They were com- 
posed of two layers, formed for the most part of columnar cells, 
but a small part of their splanchnic layer opposite the noto- 
chord had already become differentiated into longitudinal mus- 
cles. 

During stage L the growth of these plates is very rapid, and 
their upper ends extend to the summit of the neural canal, and 
their lower ones nearly meet in the median ventral line. The 
original band of muscles (PL X. fig. 8 m. p'), whose growth was so 
slow during stages I and K, now increases with great rapidity, 
and forms the nucleus of the whole voluntary muscular system. 
It extends upwards and downwards by the continuous conver- 
sion of fresh cells of the splanchnic layer into muscle-cells. At 
the same time it grows rapidly in thickness, but it requires some 
little patience and care to unravel the details of this growth; 
and it will be necessary to enter on a slight digression as to 
the relations of the muscle-plates to the surrounding connective 
tissue. 

As the muscle-plates grow dorsalwards and ventralwards 
their ends dive into the general connective tissue, whose origin 
has already been described (PL xil. fig. 1). At the same time 
the connective-tissue cells, which by this process become situ- 
ated between the ends of the muscle-plates and the skin, grow 
upwards and dowTiwards, and gradually form a complete layer 
separating the muscle-plates from the skin. The cells forming 
the ends of the muscle-plates retain unaltered their primitive 
imdifferentiated character, and the separation between them 
and the surrounding connective-tissue cells is very marked. 
This however ceases to be the case in the parts of the muscle- 
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plates on a level with the notochord and lower part of the 
medullary canal ; the thinnest sections and most careful exami- 
nation are needed to elucidate the changes taking place in this 
region. The cells which form the somatic layer of the muscle- 
plates then begin to elongate and become converted into musde- 
cells^ at the same time that they are increasing in number to 
meet the rapid demands upon them. One result of these changes 
is the loss of the original clearness in the external boundary be- 
tween the muscle-plates and the adjoining coimective-tissue 
cells, which is only in exceptional cases to be seen so distinctly as 
it may be in PL XII. fig. 1 and 8. Longitudinal horizontal sections 
are the most instructive for studying the growth of the muscles, 
but transverse sections are also needed. The interpretation 
of the transverse ones is however rendered difficulty both by 
rapid alterations in the thickness of the connective-tissue layer 
between the skin and the muscle-plates (shown in PL xn. fig. 8), 
and by the augular shape of the muscle-plates themselves. 

A careful study of both longitudinal and transverse sections 
has enabled me to satisfy myself of the fact that the cells 
of the somatic layer of the protovertebrae, equally with the 
cells of the splanchnic layer, are converted into muscle-cells, and 
some of these are represented in the act of undergoing this 
conversion in PL XIL fig. 8 ; but the difficulty of distinguishing 
the outline of the somatic layer of the muscle-plates, at the 
time its cells become converted into muscle-cells, renders it 
very difficult to determine whether any cells of this layer 
join the surrounding connective tissue. General considerations 
certainly lead me to think that they do not ; but my observa- 
tions do not definitely settle the point. 

From these facts it is clear, as was briefly stated in the 
last chapter, tJuit both layers of the muscU-plate are concerned 
in forming the great lateral muscle, though the splanchnic layer 
is converted into muscles very much sooner than the somatic^ ^ 

1 The difference between Dr Gotte's account of the development of the 
muscles and my own consists mainly in my attributing to the somatic layer of 
the muscle-plates a share in the formation of the great lateral muscles, which he 
denies to it. In an earlier section of this Monograph, pp. 115, 116, too much 
stress was unintentionally laid on the divergence of our views; a divergence 
which appears to have, in part at least, arisen, not from our observations 
being opposed, but from Dr Gotte's having taken the highly differentiated 
mbinator as his type instead of the less differentiated Elasmobranch. 
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The remainder of the history of the muscle-plates presents 
no points of special interest. 

Till the close of stage L, the muscle-plates are not distinctly 
divided into dorsal and ventral segments, but this division, which 
is so characteristic of the adult, commences to manifest itself 
during stage M, and is quite completed in the succeeding stage. 
It is effected by the appearance, nearly opposite the lateral line, 
of a layer of connective tissue which divides the muscles on each 
side into a dorso-lateral and ventro-lateral section. Even during 
stage O the ends of the muscle-plate are formed of undiffer- 
entiated columnar cells. The peculiar outlines of the inter- 
muscular septa gradually appear during the later stages of 
development, causing the well-known appearances of the mus- 
cles in transverse sections, but require no special notice here. 

With reference to the histological features of the develop- 
ment of the muscle-fibres, I have not pushed my investigations 
very far. The primitive cells present the ordinary division, 
well known since Bemak, into a striated portion and a non- 
striated portion, and in the latter a nucleus is to be seen which 
soon undergoes division and gives rise to several nuclei in the 
non-striated part, while the striated part of each cell be- 
comes divided up into a number of fibriUae. I have not 
however determined what exact relation the original cells hold 
to the eventual primitive bundles, or anything with reference 
to the development of the sarcolemma. 

The Muscles of the Lirribs. — These are formed during stage 
O coincidently with the cartilaginous skeleton, in the form 
of two bands of longitudinal fibres on the dorsal and ventral 
surfaces of the limbs. Dr Kleinenberg first called my attention 
to the fact that he had proved the limb-muscles in Lacerta to 
be derived from the muscle-plates. This I at first believed did 
not hold good for Elasmobranchs, but have since determined 
that it does so. Between stages K and L the muscle-plates 
grow downwards as far as the limbs and then turn outwards and 
grow into them (PL xvn. fig. 1). Small portions of several 
muscle-plates come in this way to be situated in the limbs, 
and are very soon segmented off* from the remainder of the 
muscle-plates. The portions of muscle-plates thus introduced 
into the limbs soon lose their original distinctness, and can no 
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from the adjoining tissue of the arches. Gegenbaur's figure 
gives an excellent representation of the appearance of this 
layer at the period under consideration. It is formed of a 
homogeneous basis containing elongated concentrically arranged 
nuclei, and constitutes a uniform unsegmented investment for 
the notochord (vide PL Xli. fig. 10). 

The neural and hsemal arches now either cease altogether 
to be united with each other by a layer of embryonic cartilage, 
or else the layer uniting them is so delicate that it cannot be 
recognised as true cartilage. They have moreover by stage P 
undergone a series of important changes. The tissue of the 
neural arches does not any longer form a continuous sheet, but 
is divided into (1) a series of arches encircling the spinal cord, 
and (2) a basal portion resting on the cartilaginous sheath of 
the notochord. There are two arches to each muscle-plate, one 
continuous vrith the basal portion of the arch-tissue and forming 
the true arch, which springs opposite the centre of a vertebral 
body, and the second not so continuous, which forms what is 
usually known as the intercalated piece. Between every pair 
of true arches the two roots of a single spinal nerve pass out 
The anterior root passes out in front of an intercalated piece 
and the posterior behind it \ 

The basal portion of the arch-tissue likewise undergoes 
differentiation into a vertebral part continuous with the true arch 
and formed of hyaline cartilage, and an intervertebral segment 
formed of a more fibrous tissue. 

The haemal arches, like the neural arches, become divided 
into a layer of tissue adjoining the cartilaginous sheath of 
the notochord, and processes springing out from this opposite 
the centres of the vertebrae. These processes throughout 
the region of the trunk in front of the anus pass into the 
space between the dorsal and ventral muscles, and are to be 
regai'ded as rudiments of ribs. The tissue with which they are 
continuous, which is exactly equivalent to the tissue from 
which the neural arches originate, is not truly a part of the 
rib. In the tail, behind the anus and kidneys, the cardinal 

^ In the adult Scyllium it is well known that the posterior root pierces the 
intercalated cartilage and the anterior root the true neural arch. This however 
does not seem to be the case in the embryo at stage P. 
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veins fuse to form an impaired caudal vein below the aorta, 
and in this part a fresh series of processes originates on each 
side from the haemal tissue adjoining the cartilaginous sheath 
of the notochord, and eventually, by the junction of the pro- 
cesses of the two sides, a canal which contains the aorta and 
caudal vein is formed below the notochord. These processes for 
a few segments coexist with small ribs (vide PL xil. fig. 10), 
a fact which shows (1) that they cannot be regarded as modified 
ribs, and (2) that the tissue from which they spring is to be 
viewed as a kind of general basis for all the haemal processes 
which may arise, and is not specially connected with any one 
set of processes. 

While these changes (all of which are eflFected during stage 
P) are taking place in the arches, the tissue of the vertebral 
bodies or cartilaginous investment of the notochord, though 
much thicker than before, still remains as a continuous tube 
whose wall exhibits do segmental differentiations. 

It is in stage Q that these differentiations first appear in the 
vertebral regions opposite the origin of the neural arches. The 
outermost part of the cartilage at these points becomes hyaline 
and almost undistingiiishable in structure from the tissue of the 
arches*. These patches of hyaline cartilage grow larger and cause 
the vertebral parts of the column to constrict the notochord, 
whilst the intervertebral parts remain more passive, but become 
composed of cells with very little intercellular substance. 
Coincidently also with these changes, part of the layer internal 
to the hyaline cartilage becomes modified to form a somewhat 
peculiar tissue, the intercellular substance of which does not 
stain, and in which calcification eventually arises (Fl. Xil. fig. 11). 
The innermost layer adjoining the notochord retains its primi- 
tive fibrous character, and is distinguishable as a separate layer 
through both the vertebral and the intervertebral regions. As a 
result of these changes a transverse section through the centre 
of the vertebral regions now exhibits three successive rings 
(vide PL xn. fig. 11), an external ring of hyaline cartilage in- 
vested by ' the membrana elastica externa' {m.el), followed by a 

^ A good representation of a longitudinal section at this stage is giyen by 
Cariier {Zeitsehrift f. Wiss, Zoologie, Bd. xxv., Supplement PL iv. fig. 1), who 
also gives a lair description of the succeeding changes of the yertebral column. 

B. 11 
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ring of calcifying cartilage, and internal to this a ring of fibrous 
cartilage, which adjoins the now slightly constricted notochord. 
A transverse section of an intervertebral region shows only a 
thick outer and thin inner ring of fibrous cartilage, the latter in 
contact with the sheath of the unconstricted notochord. 

The constriction of the notochord proceeds till in the centre 
of the vertebrae it merely forms a fibrous band. The tissue 
internal to the calcifying cartilage then becomes hyaline, so that 
there is formed in the centre of each vertebral body a ring 
of hyaline cartilage immediately surrounding the fibrous band 
which connects the two unconstricted segments of the noto- 
chord. The intervertebral tissue becomes more and more 
fibrous. In Cartier's paper before quoted there is a figure 
(fig. 3) which represents the appearance presented by a longi- 
tudinal section of the vertebral column at this stage. 

The relation of the vertebral bodies to the arches requires a 
short notice. The vertebral hyaline cartilage becomes almost 
precisely similar to the tissue of the arches, and the result is, 
that were it not for the 'membrana elastica externa' it would 
be hardly possible to distinguish the limits of the two tissues. 
This membrane however persists till the hyaline cartilage has 
become a very thick layer (PL xrr. fig. 11), but I have failed 
to detect it in the adult, so that I cannot there clearly dis- 
tinguish the arches from the body of the vertebrae. From a 
comparison however of the adult with the embryo, it is clear 
that the arches at most form but a small part of what is usually 
spoken of as the body of the vertebrae. 

The changes in the notochord itself during the stages sub- 
sequent to K are not of great importance. The central part 
retains for some time its previous structure, being formed of 
large vacuolated cells with an occasional triangular patch of 
protoplasm containing the starved nucleus and invested by 
indurated layers of protoplasm. These indurated layers are 
all fused, and are probably rightly regarded by Gegenbaur 
and Gotte as representing a sparse intercellular matter. The 
external protoplasmic layer of the notochord ceases shortly 
after stage K to exhibit any traces of a division into separate 
cells, but forms a continuous layer with irregular prominences 
and numerous nuclei (PI. xii. fig. 9). In the stages subsequent 
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to P further changes take place in the notochord : the remains 
of the cells become more scanty and the intercellular tissue 
assumes a radiating arrangement, giving to sections of the noto- 
chord the appearance of a number of lines radiating from the 
centre to the periphery (PL xii. fig. 11). 

The sheath of the notochord at first grows in thickness, and 
during stage L there is no difficulty in seeing in it the fine radial 
markings already noticed by Miiller* and Gegenbaur', and re- 
garded by them as indicating pores. Closely investing the sheath 
of the notochord there is to be seen a distinct membrane, which, 
though as a rule closely adherent to the sheath, in some 
examples separates itself from it. It is perhaps the membrane 
identified by W. Mliller' (though not by Gegenbaur) as Kol- 
liker's ^membrana elastica interna.' After the formation of 
the cartilaginous investment of the notochord, this membrane 
becomes more difficult to see than in the earlier stage, though 
I still fasicj that I have been able to detect it. The sheath 
of notochord also appears to me to become thinner, and its 
radial striation is certainly less easy to detect\ 

1 JenaUcke ZeUMchrift^ VoL vi. ■ Loc, eit. • Loe. eit, 

^ Gegenbaur makeg the reserve statement with reference to the sheath of 

the notochord. For my own sections the statement in the text certainly holds 

good. Fortonately the point is one of no importance. 
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CHAPTER Vm. 

Dz\rKL0PX£5T OF THE SPCfAL NeRYES ASD OF THE 
ST3CPATHEnC NeBVOUS STSTEai. 

Th^ 9pinal nerves. 

The development of the spinal nenres lias been already 
treated by me at conaideraUe length in a pap^* read brfore 
the Royal Society in December, 1875 \ and I have bat little 
fresh matter to add to the fsuzts narrated in that pap«: The 
sncceeding acconnt, though £urly complete^ is mw:h less foil 
than the previotis one in the PhUosf^ical TrapMoetions^ bnt a 
nnmber of morphological considerations bearing on this sub- 
ject are discussed. 

The rudiments of the posteri(»r roots make their appear- 
ance considerably before those of the anterior roots. They 
arise during stage I, as outgrowths from the spinal cord, at 
a time when the muscle-plates do not extend beyond a third of 
the way up the sides of the spinal cord, and in a part where no 
scattered mesoblast-cells are present They are formed first in 
the anterior part of the body and successively in the posterior 
parts, in the following way. At a point where a spinal nerve 
is about to arise, the cells of the dorsal part of the cord begin 
to proliferate, and the uniform outline of the cord becomes 
broken (PL Xlii. fig. 3). There is formed in this way a smaQ 
prominence of cells springing from the summit of the spinal 
cord, and constituting a rudiment of a pair of posterior roots. 
In sections anterior to the point where a nerve is about to 
appear, the nerve-rudiments are always very distinctly formed. 
Such a section is shown in Fl. xiil. fig. 2, and the rudiments 
may there be seen as two club-shaped masses of cells, which 
have grown outwards and downwards from the extreme dorsal 
summit of the neural canal and in contact with its walls. The 
rudiments of the two sides meet at their point of origin at the 
dorsal median line, and are dorsally perfectly continuous with 
the walls of the canal. 

» Phil, Tram, Vol. 166, p. 175. 
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It is a remarkable fact that rudiments of posterior roots 
are to be seen in every section. This may be interpreted as 
meaning that the rudiments are in very close contact with each 
other, but more probably means, as I hope to show in the 
sequel, that there arises from the spinal cord a continuous 
outgrowth from which discontinuous processes (the rudiments 
of posterior roots) grow out. 

After their first formation these rudiments grow rapidly ven- 
tralwards in dose contact with the spinal cord (vide PI. xni. fig. 
1, and PL X. figs. 6 and 7), but soon meet with and become 
partially enclosed in the mesoblastic tissue (PI. x. fig. 7). The 
similarity of the mesoblast and nerve-tissue in Scyllium and 
Pristiurus embryos hardened in picric or chromic acid, render 
the nerves in these genera, at the stage when they first become 
enveloped in mesoblast, diflScult objects to observe; but no 
similar difficulty is encountered in the case of Torpedo embryos. 

While the rudiments of the posterior roots are still quite 
short, those of the anterior roots make their first appearance. 
Each of these (PL xiii. fig. 4 a,r,) arises as a very small but dis- 
tinct conical outgrowth from a ventral comer of the spinal 
cord. From the very first the rudiments of the anterior roots 
have an indistinct form of peripheral termination and some- 
what fibrous appearance, while the protoplasm of which they 
are composed becomes attenuated towards its end. The 
points of origin of the anterior roots from the spinal cord 
are separated by considerable intervals. In this fact, and also 
in the fact of the nerves of the two sides never being united 
with each other in the median line, the anterior roots exhibit 
a marked contrast to the posterior. There are thus constituted, 
before the close of stage I, the rudiments of both the anterior 
and posterior roots of the spinal nerves. The rudiments of both 
of these take their origin from the involuted epiblast of the 
neural canal, and the two roots of each spinal nerve are at 
first quite unconnected with each other. It is scarcely neces- 
sary to state that the pairs of roots correspond in number with 
the muscle-plates. 

It is not my intention to enter with any detail into the 
subsequent changes of the rudiments whose origin has been 
described, but a few points especially connected with their 



158 FIRST FORMATION OF THE SPINAL NERVES. 

early development are sufficiently important to call for atten- 
tion. 

One feature of the posterior roots at their first formation 
is the fact that they appear as processes of a continuous out- 
growth of the spinal cord. This state of afiairs is not of long 
continuance, and before the close of stage I each posterior root 
has a separate junction with the spinal cord. What then be- 
comes of the originally continuous outgrowth? It has not 
been possible for me to trace the fate of this step by step;, 
but the discovery that at a slightly later period (stage K) there 
is present a continuous commissure independent of the spinal 
cord connecting the dorsal and central extremities of all 
the spinal nerves, renders it very probable that the original 
continuous outgrowth becomes converted into this commissure^ 
Like all the other nervous structures, this commissure is far 
more easily seen in embryos hardened in a mixture of osmic and 
chromic acids or osmic acid, than in those hardened in picric 
acid. Its existence must be regarded as one of the most re- 
markable results of my researches upon the Elasmobranch 
nervous system. At stage K it is fairly thick, though it becomes 
mucli tliinner at a slightly later period. Its condition diiriDg 
stage K is shown in Plate xi. fig. 18, com. What it has been 
possible for me to make out of its eventual fate is mentioned 
subsequently *. 

A second feature of the earliest condition of the posterio» 
roots is their attachment to the extreme dorsal summit of the 
spinal cord — a point of attachment very diflferent from that 
which they eventually acquire. Before the commencement of 
stage K this state of things has become altered ;. and the pos- 
terior roots spring from the spinal cord in the position normal 
for Vertebrates. 

This apparent migration caused me at first great perplexity, 
and I do not feel quite satisfied that I have yet got completely 
to the bottom of its meaning. The explanation which appears 
to me most probable has suggested itself in the course of some 
observations on the development of the thin roof of the fourth 

1 It is not by any means always possible to detect this commissure in trans- 
verse sections. As I have suggested, in connection with a similar commissure 
connecting the vagus branches, it perhaps easily falls out of the section, and is 
always so small that the hole left would certainly be invisible. 
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ventricle. A growth of cells appears to take place in the median 
dorsal line of the roof of the spinal cord. This growth tends to 
divaricate the two lateral parts of the cord, which are originally 
contiguous in the dorsal line, and causes therefore the posterior 
roots, which at first spring from the dorsal summit, to assume 
an apparent attachment to the side of the cord at some little 
distance from the summit. If this is the true explanation of 
the change of position which takes place, it must be regarded 
as due rather to peculiar growths in the spinal cord, than 
to any alteration in the absolute attachment of the nerves. 

By stage K the rudiment of the posterior root has become 
greatly elongated, and exhibits a division into three distinct 
portions (PI. xin. fig. 6) : 

(1) A proximal portion, in which is situated the pedicle of 
attachment to the wall of the neural canal. 

(2) an enlarged portion, which may conveniently from its 
future fate be called the spinal ganglion. 

(3) a distal portion beyond this. 

The proximal portion presents a fairly uniform diameter, and 
ends dorsally in a rounded expansion ; it is attached, remarkably 
enough, not by its extremity y hut by its side, to the spinal cord. 
The dorsal extremities of the posterior roots are therefore free. 
It seems almost certain that the free dorsal extremities of these 
roots serve as the starting points for the dorsal commissure 
before mentioned, which connects the roots together. The 
attachment of the posterior nerve-root to the spinal cord is, 
on account of its small size, very diflScult to observe. In 
favourable specimens there may however be seen a distinct 
cellular prominence from the spinal cord, which becomes con- 
tinuous with a small prominence on the lateral border of the 
nerve-root near its distal extremity. The proximal extremity 
of the rudiment is composed of cells, which, by their small size 
and circulai formi, are easily distinguished from those which 
form the succeeding or ganglionic portion of the nerve. This 
succeeding, part has a swollen configuration, and is composed 
of large elongated cells with oval nuclei. The remainder of the 
ludiment forms the commencement of the true nerve. 

The anterior root, which, at the close of stage I, formed a 
small and inconspicuous prominence from the spinal cord, 
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grows rapidly during the succeeding stages, and soon forms 
an elongated cellular structure with a wide attachment to the 
spinal cord (PL xiii. fig. 5). At first it passes obliquely and 
nearly horizontally outwards, but, before reaching the muscle- 
plate of its side, takes a bend downwards (PI. xiii. fig. 7). 

I have not definitely made out when the anterior and pos- 
terior roots unite, but this may easily be seen to take place 
before the close of stage K (PL xi. fig. 18). 

One feature of some interest with reference to the anterior 
roots, is the fact that they arise not vertically below, but alter- 
nately with the dorsal roots, a condition which persists in the 
adult. 

Although I have made some efforts to determine the even- 
tual fate of the commissure uniting the dorsal roots, these have 
not hitherto been crowned with success. It grows thinner and 
thinner, becoming at the same time composed of fibrous pro- 
toplasm with imbedded nuclei (PI. xiii. fig. 8 and 9). By stage 
M it is so small as to be quite indistinguishable in transverse 
sections ; and I have failed in stage P to recognize it at alL I can 
only conclude that it gradually atrophies, and finally vanishes 
without leaving a trace. Both its appearance and history are 
very remarkable, and deserve the careful attention of future 
investigators. 

There can be little doubt that it is some sort of remnant of 
an ancestral structure in the nervous system; and it would 
appear to indicate that the central nervous system must origi- 
nally have been formed of a median and two lateral strands. 
At the same time I very much doubt whether it can be 
brought into relation with the three rows of ganglion-cells 
(a median and two lateral) which are so frequently present 
on the ventral side of annelidan nerve-cords. 

My results may he summarised as follows: — ^Along the 
extreme dorsal summit of the spinal cord there arises on each 
side a continuous outgrowth. From each outgrowth processes 
corresponding in number to the muscle-plates grow downwards. 
These are the rudiments of the posterior nerve-roots. The 
outgrowths, though at first attached to the spinal cord through- 
out their whole length, soon cease to be so, and remain in 
connection with it at certain points only, which form the 
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primitive junctions of tlie posterior roots with the spinal cord. 
The original outgrowth on each side remains as a bridge, 
uniting together the dorsal extremities of all the posterior roots. 
The posterior roots^ though primitively attached to the dorsal 
summit of the spinal cord, eventually come to arise from its 
sides. The original homogeneous rudiments before the close of 
stage K become differentiated into a root, a ganglion, and a 
nerve. 

The anterior roots, like the posterior, are outgrowths from 
the spinal cord, but are united independently with it, and the 
points from which they spring originally, remain as those by 
which they are permanently attached. The anterior roots arise, 
not vertically below, but in the intervals between the posterior 
roots. They are at first quite separate from the posterior roots ; 
but before the close of stage K a junction is effected between 
each posterior root and the corresponding anterior root. The 
anterior root joins the posterior at some little distance below 
its ganglion. 

The results here arrived at are nearly in direct opposition to 
those of the majority of investigators, though in accordance, at 
least so far as the posterior roots are concerned, with the beau- 
tiful observations of Hensen ' on the Development of Mammalia \' 

Mr Marshall' has more recently published a paper on the 
development of the nerves in Birds, in which he shows in a 
most striking manner that the observations recorded here for 
Elasmobranchs hold good for the posterior roots of Birds. The 
similarity between his figures and my own is very noticeable. 
A further discussion of the literature would be quite unprofit- 
able, and I proceed at once to certain considerations suggested 
by the above observations. 

Oeneral considerations. — One point of general anatomy upon 
which my observations throw considerable light, is the primitive 
origin of nerves. So long as it was admitted that the spinal 
and cerebral nerves developed in the embryo independently 
of the central nervous system, their mode of origin always 
presented to my mind considerable difficulties. It never ap- 

* ZeiLf. Anat. u. Entwicklungxgeschichtef Vol. i. 

* Journal of Anatomy and Physiology ^ Vol. zi. April, 1877. 
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peared clear how it was possible for a state of things to 
have arisen in which the central nenrons system as well 
as the peripheral terminations of nerves, whether motor or 
sensory, were formed independently of eaeh other ; while be- 
tween them a third structnre was developed, whieh, growing 
oat either towards the centre or towards the peripheiy, idti- 
mately brought the two into connection. That such a con- 
dition could be a primitive one seemed scarcely possible. 

Still more remarkable did it appear, on the supposition that 
the primitive mode of formation of these parts was represented 
in the developmental history o( Vertebrates, that we should find 
similar structural elements in the central and m the peripheral 
nervous systems. The central nervous system arises from the 
epiblast, and yet contains precisely similar nerve-ceUs and nerve- 
fibres to the peripheral nervous system, which, when derived 
from the mesoblast, was necessarily supposed to have an origin 
completely different from that of the central nervous system. 
Both of these difficulties are to a great extent removed by the 
facts of the development of these parts in Elasmobranchs. * 

It is possible to suppose that in their primitive differentia- 
tion coDtractile and sensory systems may, as in Hydra^, have 
been developed from the protoplasm of even the same cell. 
As the sensory and motor systems became more complicated, the 
sensory portion of a cell would become separated by an in- 
creasing interval from the muscular part of a cell, and the two 
parts of a cell would only be connected by a long protoplasmic 
process. When such a condition as that was reached, the 
sensory portion of the cell would be called a ganglion-cell or 
terminal sensory organ, the connecting process a nerve, and the 
contractile portion of the cell a muscle-cell. When these organs 
were in this condition, it might not impossibly happen for 
the general developmental growth which tended to separate the 
ganglion-cell and the muscle-ceU to be so rapid as to render it 
impossible for the growth of the connecting nerve to keep pace 
with it, and that thus the process connecting the ganglion-cell 
and the muscle-cell might become ruptured. Nevertheless the 
tendency of the process to grow from the ganglion cell to the 

^ Kleiuenljerg Hydra. 
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muscle-cell, would remain, and when the rapid developmental 
growth had ceased, the two would become united again by the 
growth of the process which had previously been ruptured. It 
will be seen that this hypothesis, which I have considered only 
with reference to a single nerve and muscle-cell, might be 
extended so as to apply to a complicated central nervous system 
and peripheral nerves and muscles, and also could apply equally 
as well to the sensory as to the naotor terminations of a nerve. 
In the case of the sensory termination, we should only have to 
suppose that the centre nervous cell became more and more 
separated by the general growth from the recipient terminal 
sensory cell, and that during the general growth the connection 
between the two was mechanically ruptured but restored again 
on the termination of the more rapid growth. 

As the descendants of the animal in which the rupture 
occurred became progressively more complicated, the two ter- 
minal cells must have become widely separated at a continu- 
ally earlier period, till finally they may have been separated 
at a period of development when they were indistinguishable 
from the surrounding embryonic cells ; and since the rupture 
would also occur at this period, the primitive junction between 
the nerve-centre and termination would escape detection. The 
object of this hypothesis is to explain the facts, so far as they 
are known, of the development of the nervous system in Verte- 
brates. 

In Vertebrates we certainly appear to have an outgrowth 
from the nervous system, which eventually becomes united 
with the muscle or sensory terminal organs. The ingenious 
hypothetical scheme of development of the nerves given by 
Hensen* would be far preferable to the one suggested if it 
could be brought into conformity with the facts. There 
is, however, at present no evidence for Hensen's view, as he 
himself admits, but considering how little we know of the 
finer details of the development of nerves, it seems not im- 
possible that such evidence may be eventually forthcoming. 
The evidence from my own observation is, so far as it goes, 
against it. At a time anterior to the outgrowth of the spinal 

1 Virchow's ArckiVj Vol. xxxi. 1864. 
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nerves, I have shewn^ that the spinal cord is completely in- 
vested by a delicate hyaline membrane. It is difficult to 
believe that this is pierced by a number of fine processes, which 
completely escape detection, but which must, nevertheless, be 
present on the hypothesis of Hensen. 

The £Eu;ts of the development of nerves in Vertebrates are 
unquestionably still involved in considerable doubt. It 'knay, 
I think, be considered as certain, that in Elasmobranchs the 
roots of the spinal and cranial nerves are outgrowths of the 
central nervous system. How the final terminations of the 
nerves are formed is, however, far from being settled. Gotte', 
whose account of the development of the spinal ganglia is com- 
pletely in accordance with the ordinaiy views, yet states' that 
the growth of the nerve-fibres themselves is a centrifugal one 
from the ganglia. My own investigations prove that the ganglia 
have a centrifugal development, and also appear to demonstrate 
that the nerves themselves near the ganglion have a similar 
manner of growth. Moreover, the account given in the pre- 
ceding chapter of the manner in which the nerves become con- 
nected with the mucous canals of the head, goes far to prove 
that the whole growth of the nerves is a centrifugal one. 
The combination of all these converging observations teUs 
strongly in favour of this view. 

On the other hand, Calberla* believes that in the tails of 
larval Amphibians he has seen connective-tissue cells unite with 
nerve-processes, and become converted into nerves, but he ad- 
mits that he cannot deBnitely prove that the axis-cylinder has 
not a centrifugal growth, while the connective-tissue cells 
merely become converted into the sheath of the nerve. If 
Calberla's view be adopted, that the nerves are developed 
directly out of a chain of originally indifierent cells, each cell 
of the chain being converted in turn into a section of the nerve, 
an altogether different origin of nerves from that I have just 
suggested would seem to be indicated. 

The obvious diflSculty, already alluded to, of understanding 
how it is, according to the generally accepted mode of develop- 
ment of the spinal nerves, that precisely similar nerve-cells and 

1 Phil. Trans., 1876. "^ Entwicklungsgeschichte der Unke. 

« Loc. ciU p. 616. * Archivfiir Micros. Anat. Vol. xi. 1875. 
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nerves should arise in structures which have such diflferent 
origins as the central nervous system and the spinal nerves, is 
completely removed if my statements on the development of 
the nerves in Elasmobranch represent the trutb. 

One point brought out in my investigations appears to me 
to have bearings upon the origin of the central canal of the 
vertebrate nervous system, and in consequence upon the origin 
of the vertebrate nervous system itself. This point is, that the 
posterior nerve-rudiments make their 6rst appearance at the 
extreme dorsal summit of the spinal cord. The transverse 
section of the ventral nervous cord of an ordinary segmented 
Annelid consists of two symmetrical halves placed side by 
side. If by a mechanical folding the two lateral halves of 
the nervous cord became bent towards each other, while into 
the groove between the two the externcd skin became pushed, 
we ^ould have an approximation to the vertebrate nervous 
system. Such a folding as this might take place to give extra 
rigidity to the body in the absence of a vertebral column. 

If this folding were then completed in such a way that 
the groove, lined by external skin and situated between the two 
lateral columns of the nervous system, became converted into 
a canal, above and below which the two columns of the neiTOus 
system united, we should have in the transformed nervous cord 
an organ strongly resembling the spinal cord of Vertebrates. 

It is well known that the nerve-cells are always situated on 
the ventral side of the abdominal nerve-cord of Annelids, either 
as a continuous layer, or in the form of two, or more usually, 
three band& The dorsal side of the cord is composed of nerve- 
fibres or white matter. If the folding I have supposed were to 
take place in the Annelid nervous-cord, the grey and white 
matters would have very nearly the same relative situations as 
they have in the Vertebrate spinal cord. The grey matter 
would be situated in the interior and line the central canal, and 
the white matter would nearly surround the grey. The nerves 
would then arise, not from the sides of the nervous cord as in 
existing Annelids, but from its extreme ventral summit One 
of the most striking features which I have brought to light with 
reference to the development of the posterior roots, is the fact 
of their growing out from the extreme dorsal summit of the 
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neural canal, a position analogous to the ventral summit of the 
Annelidan nervous cord. Thus the posterior roots of the 
nerves in Elasmobranchs* arise, in the exact manner which 
might have been anticipated, were the spinal canal due to 
such a folding as I have suggested. 

The argument from the position of the outgrowth of nerves 
becomes the more striking from its great peculiarity, and 
forms a feature which would be most perplexing without 
some such explanation as I have proposed. The central epi- 
thelium of the neural canal, according to this view, represents 
the external skin, and its ciliation in certain cases may, per- 
haps, be explained as a remnant of the ciliation of the external 
akin still found amongst many of the lower Annelids. 

I have employed the comparison of the Vertebrate and 
Annelidan nervous cords, not so much to prove a genetic rela- 
tion between the two, as to show the d priori possibility of the 
formation of a spinal cord, and the d posteruyri evidence we 
have of the vertebrate canal having been formed in the way 
indicated. I have not made use of what is really my strongest 
argument, viz. that the embryological mode of formation of the 
spinal canal by a folding in of the external epiblast is the very 
method by which I supposed the spinal canal to have been 
formed in the ancestors of Vertebrates. My object has been to 
suggest a meaning for the peculiar primitive position of the 
posterior roots, rather than to attempt to explain in full the 
origin of the spinal canal. 

Although the homologies between the Vertebrate and the 
Annelidan nervous systems are not necessarily involved in the 
questions which arise with reference to the formation of the 
spinal canal, they have nevertheless considerable bearings on it. 

Two views have recently been put forward on this subject. 
Professor Gegenbaur^ looks upon the central nervous system 
of Vertebrates as equivalent to the superior oesophageal ganglia 

1 There are strong reasons for regarding the posterior roots as the primitive 
ones. These are spoken of later, but I may state that they depend: 

(1) On the fact that only posterior roots ei^st in the brain. 

(2) That only posterior roots exist in Amphioxns. 

(3) That the posterior roots develope at an earlier period than the 
anterior. 

2 Grundriss d. Vergleichenden Anat. p. 264. 
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of Annelids and Arthropods only, while Professors Leydig* and 
Semper' and Dr Dohm* compare it with the whole Annelidan 
nervous system. 

The first of these two views is only possible on the suppo- 
sition that Vertebrates are descended from unsegmented ances- 
tors, and even then presents considerable difficulties. If the 
ancestors of Vertebrates were segmented animals, and several of 
the recent researches tend to shew that they were, they must 
almost certainly have possessed a nervous cord like that of exist- 
ing Annelids. If such were the case, it is almost inconceivable 
that the greater portion of the nervous system which forms the 
ventral cord can have become lost, and the system reduced to 
the superior oesophageal ganglia. Dr Dohm^ who has specu- 
lated very profoundly on this matter, has attempte<l to explain 
and remove some of the difficulties which arise in comparing 
the nervous systems of Vertebrates and Annelids. He supposes 
that the segmented Annelids, from which Vertebrates are 
descended, were swimming animals. He further supposes that 
their alimentary canal was pierced by a number of gill-slits, 
and that the anterior amongst these served for the intro- 
duction of nutriment into the alimentary canal, in fact as 
supplementary mouths as well as for respiration. Eventually 
the old mouth and throat atrophied, and one pair of coa- 
lesced gill-slits came to serve as the sole mouth. Thus it came 
about that on the disappearance of that portion of the alimen- 
tary canal, which penetrated the oesophageal nervous ring, the 
latter structure ceased to be visible as such, and no part of the 
alimentary canal was any longer enclosed by a commissure of the 
central nervous system. With the change of mouth Dr Dohm 
also supposes that there took place a change, which would for a 
swimming animal be one of no great difficulty, of the ventral for 

^ Bau des thierisehen Kdrpers, 

• Stammesverwandschaftd.Wirhelthiere u. Wirhello8en6Jid.DieVerwand8chaftS' 
beziehungen d. gegliederten Thiere. This latter work, for a copy of which I 
return my best thanks to the author, came into my hands after what follows 
was written, and I much regret only to have been able to make one or two passing 
aUnsions to it. The work is a most important contribution to the questions 
about to be discussed, and contains a great deal that is very suggestive ; some of 
the conclusions with reference to the Nervous System appear to me however to 
be directly opposed to the observations on Spinal Nerves above recorded. 

' Ursprung d, Wirhelthiere u, Princip des Functionswechsels, 

* hoc. eit. 
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the dorsal surface. This general explanation of Dr Dohm's, 
apart from the considerable di£Sculty of the fresh mouth, appears 
to me to be fairly satisfactory. Dr Dohm has not however in 
my opinion satisfjEu^torily dealt with the questions of detail 
which arise in connection with this comparison. One of 
the most important points for his theory is to settle the 
position where the nervous system was formerly pierced by 
the oesophagus. This position he fixes in the fourth ventricle, 
and supports his hypothesis by the thinness of the roof of the 
spinal canal in this place, and the absence (1) of nervous struc* 
tures in it. 

It appears to me that this thinness cannot be used as an 
argument In the first place, if the hypothesis I have suggested 
as to the formation of the spinal canal be accepted, the forma- 
tion of the canal must be supposed to have occurred in point of 
time either after or before the loss of the primitive mouth. 
If, on the one hand, the spinal canal made its appearance before 
the atrophy of the primitive mouth, the folding to form it 
must necessarily have ceased behind the mouth; and, on the 
supposition of the oesophageal ring having been situated in the 
region of the fourth ventricle, a continuation of the spinal canal 
could not be present in front of this part If, on the other hand, 
the cerebro-spinal canal appeared after the disappearance of the 
primitive mouth, its roof must necessarily also be a formation 
subsequent to the atrophy of the mouth, and varieties of struc- 
ture in it can have no bearing upon the previous position of 
the mouth. 

But apart from speculations upon the origin of the spinal 
cord, there are strong arguments against Dr Dohm's view about 
the fourth ventricle. In the first place, were the fourth ven- 
tricle to be the part of the nervous system which previously 
formed the oesophageal commissures, we should expect to find 
the opening in the nervous system at this point to be visible 
at an early period of development, and at a later period to 
cease to be so. The reverse is however the case. In early 
embryonic life the roof of the fourth ventricle is indistinguish- 
able from other parts of the nervous system, and only thins 
out at a later period. Further than this, any explanation 
of the thin roof of the fourth ventricle ought also to elucidate 
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the nearly similar structure in the sinus rhomboidalis, and 
cannot be considered satisfactory unless it does so. 

The peculiarities of the cerebro-spinal canal in the region 
of the brain appear to me to present considerable difficulties in 
the way of comparing the central nervous system of Vertebrates 
a.nd segmented Annelids. The manner in which the cerebro- 
spinal canal is prolonged into the optic vesicles, the cerebral and 
the optic lobes is certainly opposed both to an intelligible expla- 
nation of the spinal canal itself, and also to a comparison of the 
two nervous systems under consideration. 

Its continuation into the cerebral hemispheres and into the 
optic lobes (mid-brain) may perhaps be looked upon as due to 
peculiar secondary growths of those two ganglia, but it is 
very difficult to understand its continuation into the optic 
vesicles. 

If it be granted that the spinal canal has arisen from a 
folding in of the external skin, then the present inner surface of 
the optic vesicle must also have been its original outer surface, 
and it follows as a necessary consequence that the present 
position of the rods and cones behind and not in front of the 
nervous structures of the retina was not the primitive one. The 
rods and cones arise, as is well known, from the inner surface of 
the outer portion of the optic vesicle, and must, according to 
the above view, be supposed originally to have been situated 
on the external surface, and have only come to occupy their 
present position during the folding in, which resulted in the 
spinal canal. On A priori grounds we should certainly expect 
the rods and cones to have resulted from the differentiation of 
a layer of cells external to the conducting nervous structures. 
The position of the rods and cones posterior to these suggests 
therefore that some peculiar infolding has occurred, and may be 
used as an argument to prove that the medullary groove is no 
mere embryonic structure, but the embryonic repetition of an 
ancestral change. The supposition of such a change of position 
in the rods and cones necessarily implies that the folding in 
to form the spinal canal must have been a very slow one. It 
must have given time to the refracting media of the eye 
gradually to travel round, so as still to maintain their primitive 
position, while in successive generations a rudimentary spinal 

B. 12 
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furrow carrying with it the retina became gradually converted 
into a canals 

If Dr Dohm's comparison of the vertebrate nervous system 
with that of segmented Annelids be accepted, the following 
two points must in my opinion be admitted : — 

(1) That the formation of the cerebro-spinal canal was sub- 
sequent to.the loss of the old mouth. 

(2) That the position of the old mouth is still unknown. 
The well-known view of looking at the pituitary and pineal 

growths as the remnants of the primitive oesophagus, has no 
doubt some features to recommend it. Nearly conclusive 
against it is the fact that the pituitary involution is not, as 
used to be supposed, a growth towards the infundibulum of the 
hypoblast of the oesophagus, but of the epiblast of the mouth. 
It is almost inconceivable that an involution from the present 
mouth can have assisted in forming part of the old oesophagus. 

There is a view not involving the difficulty of the oeso- 
phageal ring, fresh mouth', and of the change of the ventral to 
the dorsal surface, which, though so far unsupported by any 

1 Professor Huxley informB me that he has for many years entertained some- 
what similar "dews to those in the text about the position of the rods and 
cones, and has been accustomed to teach them in his lectures. 

8 Professor Semper (Z>i« Verwandtschaftsbeziehungen d. gegliederten Thiere, 
Arheiten aus d. Zool.-zoot, Institute Wiirzburg, 1876) has some interesting specu- 
lations on the difficult question of the vertebrate mouth, which have unfortu- 
nately come to my knowledge too late to be either fully discussed or incorporated 
in the text. These speculations are founded on a comparison of the condition 
of the mouth in Turbellarians and Nemertines. Becomes to the conclusion 
that there was a primitive mouth on the cardiac side of the supra-oesophageal 
ganglion, which is the existing mouth of Turbellarians and Vertebrates and the 
opening of the proboscis of Nemertines, but which has been replaced by a 
fresh mouth on the neural side in Annelids and Nemertines. In Nemertines 
however the two mouths co-exist — the vertebrate mouth as the opening of the 
proboscis, and the Annelid mouth as the opening for the alimentary tract. 
This ingenious hypothesis is supported by certain anatomical facts, which do 
not appear to me of great weight, but for which the reader must refer to the 
original paper. It no doubt avoids the difficulty of the present position of the 
vertebrate mouth, but unfortunately at the same time substitutes an equal diffi- 
culty in the origin of the Annelidaa mouth. This Professor Semper attempts to 
get over by an hypothesis which to my mind is not very satisfactory (p. 378), 
which, however, and this Professor Semper does not appear to have noticed, 
eovild equally well he employed to explain the origin of a Vertebrate mouth as a 
secondary formation subsequent to the Annelidan mouth. Under these circum- 
stances this fresh hypothesis does not bring us very much nearer to a solution 
of the vertebrate-annelid mouth question, but merely substitutes one difficulty 
for another; and does not appear to me so satisfactory as the hypothesis sug- 
gested in the text. 

At the same time Professor Semper's hypothesis suggests an explanation 
of that curious organ the Nemertine proboscis. If the order of changes 
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firm basis of observed (acts, nevertheless appears to me worth 
s^gg^sting. It assumes that Vertebrates are descended not 
through the present line of segmented Vermes, but through 
some other line which has now, so far as is known, completely 
vanished. This line must be supposed to have originated from 
the same unsegmented Vermes as the present segmented Anne- 
lids. They therefore acquired fundamentally similar segmental 
and other Annelidan organs. 

The diiSerence between the two branches of the Vermes 
lay in the nervous system. The unsegmented ancestors of the 
present Annelids seem to have had a pair of super-oesophageal 
ganglia, from which two main nervous stems extended back- 
wards, one on each side of the body. Such a nervous system in 
fact as is possessed by existing Nemertines or Turbellarians\ 
As the Vermes became segmented and formed the Annelids, 
these side nerves seem to have developed ganglia, corr^ponding 
in number with the segments, and finally, approximating on 
the ventral surface, to have formed the ventral cord*. 

The other branch of Vermes which I suppose to have been 
the ancestors of Vertebrates started from the same stock as 
existing Annelids, but I conceive the lateral nerve-cords, instead 
of approximating ventrally, to have done so dorsally, and thus a 
dorsal cord to have become formed analogous to the ventral 
cord of living Annelids, only without an oesophageal nerve-ring'. 

It appears to me, (if the difficulties of comparing the 
Annelidan ventral cord with the spinal cord of Vertebrates are 
found to be insurmountable), that this hypothesis would involve 
far fewer improbabilities than one which supposes the whole 
central nervous system of Vertebrates to be homologous with 
the super-cesophageal ganglia. The mode of formation of a 



Bnggested by him were altered it might be possible to suppose that there 
never was more than one month for aU Vermes, but that the proboscis in 
Nemertines gradually split itself off from the oesophagus to which it originally 
belonged, and became quite free and provided with a separate opening and per- 
haps carried with it the so-called vagus of Professors Semper and Leydig. 

^ It is not of course to be supposed that the primitive nervous system was 
pierced by a proboscis like that of the Nemertines. 

' This is Gegenbaur's view of the development of the ventral cord, and I 
regard it in the meantime as the most probable view which has been suggested. 

' A dorsal instead of a ventral approximation of the lateral nerve-cords 
would be possible in the descendants of such living segmented Vermes as 
Saccodxms and Polygordius. 

12—2 
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nervous system presupposed in my hypothesis, well accords with 
what we know of the formation of the ventral cord in exist- 
ing Annelids. 

The supposition of the existence of another branch of seg- 
mented Vermes is not a very great diflSculty. Even at the 
present day we have possibly more than one branch of Vermes 
which have independently acquired segmentation, viz.: the 
Choetopodous Annelids and the Hirudinea. If the latter is an 
isolated branch, it is especially interesting from having inde- 
pendently developed a series of segmental organs like those of 
Chcetopodous Annelids, which we must suppose the ancestors of 
Vertebrates also to have done if they too form an independent 
branch. 

In addition to the difficulty of imagining a fresh line of 
segmented Vermes, there is another difficulty to my view, viz. : 
the fact that in almost all Vermes, the blood flows forwards 
in the dorsal vessel, and backwards in the ventral vessel. 
This condition of the circulation very well suits the view of a 
change of the dorsal for the ven»tral surfaces, but is opposed to 
these surfaces being the same for Vertebrates and Vermes. 
I cannot however regard this point as a very serious difficulty to 
my view, considering how undefined is the circulation in the 
unsegmented groups of the Vermes. 

Sympathetic nervous system. 

Between stages K and L there may be seen short branches 
from the spinal nerves, which take a course towards the median 
line of the body, and terminate in small irregular cellular 
masses immediately dorsal to the cardinal veins (PI. xvii. 
fig. 1, sy. g). These form the first traces that have oome under 
my notice of the sympathetic nervous system. In the youngest 
of my embryos in which I have detected these it has not been 
possible for me either definitely to determine tSie antero- 
posterior limits of the system, or to make certain whether the 
terminal masses of cells which form the ganglia are connected 
by a longitudinal commissure. In a stage slightly younger than 
L the ganglia are much more definite, the anterior one is situ- 
ated in the cardiac region close to the end of the intestinal 
branch of the vagus, and the last of them quite at the posterior 
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end of the abdominal cavity. The anterior ganglia are the 
largest ; the commissural cord, if developed, is still very indistinct. 
In stage L the commissural cord becomes definite, though not 
very easy to see even in longitudinal sections, and the ganglia 
become so considerable as not to be easily overlooked. They 
are represented in PL xii. fig. 1, sy. g, and in PI. xvil. fig. 2 
in the normal position immediately above the cardinal veins. 
The branches connecting them with the trunks of the spinal 
nerves may still be seen without difficulty. In later stages these 
branches cannot so easily be matte out in sections, but the 
ganglia themselves continue as fairly conspicuous objects. The 
segmental arrangement of the ganglia is shewn in PL xvii. 
fig. 3, a longitudinal and vertical section of an embryo between 
stages L and M with the jimctions of the sympathetic ganglia 
and spinal nerves. The ganglia occupy the intervals between 
the successive segments of the kidneys. 

The sympathetic system only came under my notice at a 
comparatively late period in my investigations, and the above 
facts do not in all points clear up its development \ My obser- 
vations seem to point to the sympathetic system arising as an 
off-shoot from the cerebrospinal system. Intestinal branches 
would seem to be developed on the main nerve stems of this in 
the thoracic and abdominal regions, each of these then developes 
a ganglion, and the ganglia become connected by a longitudinal 
commissure. On this view a typical spinal nerve has the follow- 
ing parts r two roots, a dorsal and ventral, the dorsal one 
ganglionated, and three main branches, (1) a ramus dorsalis, 
(2) a ramus ventralis, and (3) a ramus intestinalis. This scheme 
may be advantageously compared with that of a typical cranial 
nerve according to Gegenbaur. It may be noted that it brings 
the sympathetic nervous system into accord with the other 
parts of the nervous systent as a product of the epiblast, and 
derived from outgrowths from the neural axis. It is clear, how- 
ever, that my investigations, though they may naturally be 
interpreted in this way, do not definitely exclude a completely 
different method of development for the sympathetic system. 

1 The formation out of the sympathetic ganglia of the so-called paired supra- 
renal bodies is dealt with in connection with the vascular system. The original 
Tiews of Leydig on these bodies are folly borne oat by the facts of their develop- 
ment. 



CHAPTER IX. 
The Development of the Organs in the Head. 

ITie Development of the Brain. 

General History. In stage G the brain presents a very 
simple constitution (PL VI. fig. Q), and is in fact little more than 
a dilated termination to the cerebro-spinal axis. Its length is 
nearly one-third that of the whole body, being proportionately 
very much greater than in the adult. 

It is divided by very slight constrictions into three lobes, 
the posterior of which is considerably the largest. These are 
known as the fore-brain, the mid-brain, and the hind-brain. 
The anterior part of the brain is bent slightly downwards about 
an axis passing through the mid-brain. The walls of the brain, 
composed of several rows of elongated columnar cells, have a 
fairly uniform thickness, and even the roof of the hind-brain 
is as thick as any other part. Towards the end of stage Q 
the section of the hind-brain becomes somewhat triangular 
with the apex of the triangle directed downwards. 

In Pristiurus during stage H no very important changes 
take place in the constitution of the brain. In Scyllium, 
however, indications appear in the hind- brain of its future 
division into a cerebellum and medulla oblongata. The cavity 
of the anterior part dilates and becomes rounded, while that 
of the posterior part assumes in section an hour-glass shape, 
owing to an increase in the thickness of the lateral parts of 
the walls. At the same time the place of the original thick 
roof is taken by a very thin layer, which is formed not so much 
through a change in the character and arrangements of the 
cells composing the roof, as by a divarication of the two 
sides of the hind-brain, and the simultaneous introduction of a 
fresh structure in the form of a thin sheet of cells connecting 
dorsally the diverging lateral halves of this part of the brain. 
By stage I, the hind-brain in Pristiurus also acquires an 
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hour-glass shaped section, but the roof has hardly begun to 
thin out (PI. XIV. fig. 4a and 46). 

During stages I and K the cranial flexure becomes more and 
more pronounced, and causes the mid-brain definitely to form 
the termination of the long axis of the embryo (PI. xiv. fig. 1, 
2, etc.), and before the close of stage K a thin coating of white 
matter has appeared on the exterior of the whole brain, but 
no other histological changes of interest have occurred. 

During stage L an apparent rectification of the cranial flexure 
commences, and is completed by stage Q. The changes involved 
in this process may be advantageously studied by comparing 
the longitudinal sections of the brain during stages L, P, and Q, 
represented in PL xv. fig. la, 5 and 7a. 

It will be seen, first of all, that so far from the flexure of the 
brain itself being diminished, it is increased, and in P (fig. 5) 
the angle in the floor of the mid-brain becomes very acute 
indeed ; in other words, the anterior part of the brain has been 
bent upon the posterior through nearly two right angles, and the 
infundibulum, or primitive front end of the brain, now points 
nearly directly backwards. At the same time the cerebral hemi- 
spheres have grown directly forwards, and if figures la and 
5 in Plate XV. be compared it will be seen that in the older 
brain of the two the cerebral hemispheres have assumed a 
position which might be looked on as the result of their having 
been pushed dorsalwards and forwards against the mid-brain, 
and having in the process pressed in and nearly obliterated the 
original thalamencephalon. The thalamencephalon in fig. la, 
belonging to stage L, is relatively large, but in fig. 5, belonging 
to stage P, it only occupies a very small space between the front 
wall of the mid-brain and the hind wall of the cerebral hemi- 
spheres. It is therefore in part by the change in position of the 
cerebral hemispheres that the angle between the trabeculae and 
parachordals becomes increased, i.e. their flexure diminished, 
while at the same time the flexure of the brain itself is in- 
creased. More important perhaps in the apparent rectification 
of the cranial flexure than any of the previously mentioned 
points, is the appearance of a bend in the hind-brain which 
tends to correct the original cranial flexure. The gradual growth 
of this fresh flexure can be studied in the longitudinal sections 
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which have been represented. It is at its maximum in stage Q. 
This short preliminary sketch of the development of the brain 
as a whole will serve as an introduction to the history of the 
individual divisions of the brain. 

Fore-brain. In its earliest condition the fore-brain forms 
a single vesicle without a trace of separate divisions, but buds 
off very early the optic vesicles, whose history is described with 
that of the eye (PL xiv. fig. 3, op. v). Between stages I and K 
the posterior part of the fore-brain sends outwards a papilliform 
process towards the exterior, which forms the rudiment of the 
pineal gland (PL xiv. fig. 1, pn). Immediately in front of the 
rudiment a constriction appears> causing a division of the fore- 
brain into a large anterior and a small posterior portion. This 
constriction is shallow at first, but towards the dose of stage K 
becomes much deeper (PL xiv. fig. 2 and fig. 16a), leaving 
however the two cavities of the two divisions of the fore-brain 
united ventrally by a somewhat wide canal* 

The posterior of the two divisions of the fore-brain forms 
the thalamencephalon. Its anterior wall adjoining the cerebral 
rudiment becomes excessively thin (PL xiv. fig. 11); and its base 
till the close of stage K is in close contact with the mouth 
involution, and presents but a very inconspicuous prominence 
which marks the eventual position of the infundibulum (PL xiv. 
fig. 9a, 12, 16, in). The anterior and larger division of the 
fore-brain forms the rudiment of the cerebral hemispheres and 
olfactory lobes. Up to stage K this rudim^ent remains per- 
fectly simple, and exhibits no signs, either externally or 
internally, of a longitudinal constriction into two lobes. From 
the canal uniting the two divisions of the fore-brain (which 
eventually forms part of the thalaokencephaloD) there spring 
the hollow optic nerves. A slight ventral constriction separating 
the cerebral rudiment from that part of the brain where these 
are attached appears even before the close of stage K (PL xiv. 
fig. 11, op.n). 

During stage L the infundibulum becomes much produced, 
and forms a wide sack in contact with the pituitary body, and 
its cavity communicates with that of the third ventricle by an 
elongated slit-like aperture. This may be seen by comparing 
PL XV. fig. la and Ic. In fig. Ic taken along the middle line, 
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tliere is present a long opening into the infundibulum (in), which 
is shewn to be very narrow by being no longer present in fig. la 
representing a section slightly to one side of the middle line. 
During the same stage the pineal gland grows into a sack-like 
body, springing from the roof of the thalamencephalon, fig. lb,pn. 
This latter (the thalamencephalon) is now dorsally separated 
from the cerebral rudiment by a deep constriction, an J also 
ventrally by a less well marked constriction. At its side also a 
deep constriction is being formed in it, immediately behind 
the pineal gland. The cerebral rudiment is still quite un- 
paired and exhibits no sign of becoming constricted into two 
lobes. 

During the next two stage* the changes in the fore-brain 
are of no great importance, and I pass at once to stage O. 
The infundibulum is now nearly in the same condition as 
during stage L, though (as i& well shewn in the figure of a 
longitudinal section of the next stage) it points more directly 
backwards than before. The remaining parts of the thalamen- 
cephalon have however undergone considerable changes. The 
more important of these 'are illustrated by a section of stage O, 
PI. XV. fig. 3, transverse to the long axis of the embryo, and 
therefore, owing to the cranial flexure, cutting the thalamen- 
cephalon longitudinally and horizontally ; and for stage P in a 
longitudinal and vertical section through the brain (PI. XV. 
fig. 5). In the first place the roof of the thalamencephalon has 
become very much shortened by the approximation of the cere- 
bral rudiment to the mid-brain. The pineal sack has also 
become greatly elongated, and its somewhat dilated extremity 
is situated between the cerebral rudiment and the external 
skin. It opens into the hind end of the third ventricle, and its 
posterior wall is continuous with the front wall of the mid-brain. 
The sides of the thalamencephalon have become much thick- 
ened, and form distinct optic thalami (op,) united by a very well 
marked posterior commissure (p c). The anterior wall of the 
lihalamencephalon as well as its roof are very thin. The optic 
nerves have become by stage quite solid except at their 
roots, into which the ventricles of the fore-brain are for a short 
distance prolonged. This solidification is arrived at, so far as I 
have determined, without the intervention of a fold. The 
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nerves are fibrous, and a commencement of the chiasma is 
certainly present. From the chiasma there appears to pass 
out on each side a band of fibres, which runs near the outer 
surface of the brain to the base of the optic lobes (mid-brain), 
and here the fibres of the two sides again cross. 

By stage O important changes are perceptible in the cere- 
bral rudiment. In the first place there has appeared a slight 
fold at its anterior extremity (PI. XV. fig. 3, x), destined to form 
a vertical septum dividing it into two hemispheres, and secondly, 
lateral outgrowths (vide PL xv. fig. 2, oil), to form the ol- 
factory lobes. Its thin posterior wall presents on each side a 
fold which' projects into the central cavity. From the peri- 
pheral end of each olfactory lobe a nerve similar in its histo- 
logical constitution to any other cranial nerve makes its appear- 
ance (PL XV. fig. 2) ; this divides into a number of branches, 
one of which passes into the connective tissue between the two 
layers of epithelium in each Schneiderian fold. On the root of 
this nerve there is a large development of ganglionic cells. I 
have not definitely observed its origin, but have no reason to 
doubt that it is a direct outgrowth from the olfactory lobe, 
exactly similar in its mode of development to any other nerve of 
the body. 

The cerebral rudiment undergoes great changes during 
stage P. In addition to a great increase in the thickness of its 
walls, the fold which appeared in the last stage has grown back- 
wards, and now divides it in front into two lobes, the rudiments 
of the cerebral hemispheres. The greater and posterior section 
is still however quite undivided, and the cavities of the lobes 
(lateral ventricles) though separated in front are still quite 
continuous behind. At the same time, the olfactory lobes, each 
containing a prolongation of the ventricle, have become much 
more pronounced (vide PL XV. fig. 4a and 4c, oil). The root of 
the olfactory nerve is now very thick, and the ganglion cells it 
contains are directly prolonged into the ganglionic portion of 
the olfactory bulb ; in consequence of which it becomes rather 
difficult to fix on the exact line of demarcation between the 
bulb and the nerve. 

Stage Q is the latest period in which I have investigated 
the development of the brain. Its structure is represented 
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for this stage in general view in PI. XV. fig. 6a, 6J, 6c, in 
longitudinal section in PI. XV. fig. 7a, 76, and in transverse 
section PL XV. fig. 8a — d. The transverse sections are taken 
from a somewhat older embi70 than the longitudinal. In the 
thalamencephalon there is no fresh point of great importance 
to be noticed. The pineal gland remains as before, and has 
become, if anything, longer than it was, and extends further 
forwards over the summit of the cerebrum. It is situated, 
as might be expected, in the connective tissue within the 
cranial cavity (fig. 8a,jpn), and does not extend outside the skull, 
as it appears to do, according to Qotte's investigations, in 
Amphibians. Gotte^ compares the pineal gland with the long 
persisting pore which leads into the cavity of the brain in the 
embryo of Amphioxus, and we might add the Ascidians, and 
calls it " ein Umbildungsprodukt einer letzten Verbindung des 
Hirns mit der Oberhaut." This suggestion appears to me a 
very good one, though no facts have come under my notice 
which confirm it. The sacci vasculosi are perhaps indicated at 
this stage in the two lateral divisions of the trilobed ventricle 
of the infundibulum (fig. 8c). 

The lateral ventricles (fig. 8a) are now quite separated by a 
median partition, and a slight external constriction marks the 
lobes of the two hemispheres ; these, however, are still united 
by nervous structures for the greater part of their extent. The 
olfactory lobes are formed of a distinct bulb and stalk (fig. 8a, 
ol.l)y and contain, as before, prolongations of the lateral ven- 
tricles. The so-called optic chiasma is very distinct (fig. 86, 
cp.w), but the fibres from the optic nerves appear to me simply 
to cross and not to intermingle. 

The mid-brain. The mid-brain is at first fairly marked off 
from both the fore and hind brains, but less conspicuously 
from the latter than from the former. Its roof becomes pro- 
gressively thinner and its sides thicker up to stage P, its cavity 
remaining quite simple. The thinness of the roof gives it, in 
isolated brains of stage P, a bilobed appearance, (vide PI. xv. 
fig. 46, mb, in which the distinctness of this character is by no 
means exaggerated). During stage Q it becomes really bilobed 
through the formation in its roof of a shallow median furrow, 

1 Ent. d, Unkct p. 304. 
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(P\, XV. fig. 8i). Its cavity exhibits at the same time the indi- 
cation of a division into a central and two lateral parts. 

The hindrbrain. The hind-brain has at first a fairly uniform 
structure, but by the close of stage I, the anterior part becomes 
distinguished from the remainder by the fact, that its roof does 
not become thin as does that of the posterior part. This anterior, 
and at first very insignificant portion, forms the rudiment of 
the cerebellum. Its cavity is quite simple and is continued 
uninterruptedly into that of the remainder of the hind-brain. 
The cerebellum assumes in the course of development a 
greater and greater prominence, and eventually at the close 
of stage Q overlaps both the optic lobes in front and the me- 
dulla behind (PI. XV. fig. 7a). It exhibits in surface-views of 
the hardened brain of stages P and Q the appearance of a 
median constriction, and the portion of the ventricle contained 
in it is prolonged into two lateral outgrowths (PI. XV. fig. 8c 
and Sd, cb). 

The posterior section o( the hind-brain which forms the me- 
dulla undergoes changes of a somewhat complicated character. 
In the first place its roof becomes in front very much extended 
and thinned out. At the raphe, where the two lateral halves 
of the brain originally united, a separation, as it were, takes 
place, and the two sides of the brain become pushed apart, re- 
maining united by only a very thin layer of nervous matter 
(PI. XIV. fig. 6, iv. v.). As a result of this peculiar growth in 
the brain, the roots of the nerves of the two sides which were 
originally in contact at the dorsal sun^mit of the brain become 
carried away from one another, and appear to arise at the sides 
of the brain (PL xiv. fig. 6 and 7). Other changes also take 
place in the walls of the brain. Each lateral wall presents two 
projections towards the interior (PI. xiv. fig. 5a). The ventral 
of these vanish, and the dorsal approximate so as nearly to 
divide the cavity of the hind-brain, or fourth ventricle, into a 
large dorsal and a small ventral channel (PL xiv. fig. 6), and 
this latter becomes completely obliterated in the later stages. 
The dorsal pair, while approximating, also become more promi- 
nent, and stretch into the dorsal moiety of the fourth ventricle 
(PL XIV. fig. 6). They are still very prominent at stage Q (PI. 
fig. XV. Sd,ft)y and correspond in position with the fasciculi 
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teretes of human anatomy. Part of the root of the seventh 
nerve originates from them. They project freely in front into 
the cavity of the fourth ventricle (PI. xv. fig. 7/0- 

By stage Q restiform tracts are indistinctly marked off from 
the remainder of the brain, and are anteriorly continued into 
the cerebellum, of which they form the peduncles. Near their 
junction with the cerebellum they form prominent bodies (PI. 
XV. fig. 7a, r t)y which are regarded by Miklucho-Maclay^ as re- 
presenting the true cerebellum. 

By stage O the medulla presents posteriorly, projecting into 
its cavity, a series of lobes which con*espond with the main 
roots (not the branches) of the vagus and glosso-pharyngeal 
nerves (PI. xvi. fig. 5). There appear to me to be present 
seven or eight projections : their number cannot however be 
quite certainly determined. The first of them belongs to the 
root of the glosso-pharyngeal, the next one is interposed between 
the glosso-pharyngeal and the first root of the vagus, and is 
without any corresponding nerve-root. The next five corre- 
spond to the five main roots of the vagus. For each projec- 
tion to which a nerve pertains there is a special nucleus of 
nervous matter, from which the root springs. These nuclei do 
not stain like the remainder of the walls of the medulla, and 
stand out accordingly very conspicuously in stained sections. 

The coating of white matter which appeared at the end of 
stage K, on the exterior of each lateral half of the hind-brain, 
extends from a point just dorsal to the attachment of the nerve- 
roots to the ventral edge of the medulla, and is specially con- 
nected with the tissue of the upper of the two already described 
projections into the fourth ventricle. 

A rudiment of the tela vasculosa makes its appearance during 
stage Q, and is represented by the folds in the wall of the 
fourth ventricle in my figure of that stage (PL XV. fig. 7a, t v). 

The development of the brain in Elasmobranchs has already 
been worked out by Professor Huxley, and a brief but in 
many respects very complete account of it is given in his 
recent paper on Ceratodus*. He says, pp. 30 and 31, "The 
development of the cerebral hemispheres in Plagiostome Fishes 

1 Das Gehim d. Selaehier, Leipzig, 1870. 

< Proceedings of the Zoological Society, 1876, Ft. I. p. 30 and 31. 
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differs from the process by which they arise in the higher 
Vertebrata. In a very early stage, when the first and second 
visceral clefts of the embryo Scyllium are provided with only 
a few short branchial filaments, the anterior cerebral vesicle is 
already distinctly divided into the thalamencephalon (from 
which the large infundibulum proceeds below, and the small 
tubular peduncle of the pineal gland above, while the optic 
nerve leaves its sides) and a large single oval vesicle of the 
hemispheres. On the ventral face of the integument covering 
these are two oval depressions, the rudimentary olfactory sacs. 

"As development proceeds the vesicle of the hemispheres 
becomes divided by the ingrowth of a median longitudinal 
septum, and the olfactory lobes grow out from the posterior 
lateral regions of each ventricle thus formed, and eventually 
rise on to the dorsal faces of the hemispheres, instead of, as in 
most Vertebrata, remaining on their ventral sides. I may 
remark, that I cannot accept the views of Miklucho-Maclay, 
whose proposal to alter the nomenclature of the parts of the 
Elasmobranch's brain, appears to me to be based upon a misin- 
terpretation of the facts of development." 

The last sentence of the paragraph brings me to the one 
part on which it is necessary to say a few words, viz. the views of 
Miklucho-Maclay. His views have not received any general 
acceptance, but the facts narrated in the preceding pages 
shew, beyond a doubt, that he has * misinterpreted * the facts of 
development, and that the ordinary view of the homology of 
the parts is the correct one. A comparison of the figures I 
have given of the embryo brain with similar figures of the 
brain of higher Vertebrates shews this point conclusively. 
Miklucho-Maclay has been misled by the large size of the 
cerebellum, but, as we have seen, this body does not begin 
to be conspicuous till late in embryonic life. Amongst the 
features of the embryonic brain of Elasmobranchs, the long 
persisting unpaired condition of the cerebral hemisphere, upon 
which so much stress has already been laid by Professor Huxley, 
appears to me to be one of great importance, and may not im- 
probably be regarded as a real ancestral feature. Some obser- 
vations have recently been published by Professor B. G. Wilder^ 

1 Anterior brain-mass with Sharks and Skates, American Journal of Science 
and Arts, Vol. xii, 1876. 
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upon this point, and upon the homologies and development of 
the olfactory lobes. Fairly good figures are given to illustrate 
the development of the cerebral hemispheres, but the con- 
clusions arrived at are in part opposed to my own results. 
Professor Wilder says : " The true hemispheres are the lateral 
masses, more or less completely fused in the middle line, and 
sometimes developing at the plane of union a bundle of longi- 
tudinal commissural fibres. The hemispheres retain their 
typical condition as anterior protrusions of the anterior vesicle ; 
but they lie mesiad of the olfactory lobes, and m Mustelus at 
least seem to he formed after them'' The italics are my own. 
From what has been said above, it is clear that the statement 
italicised, for Scyllium at least, completely reverses the order of 
development. Still more divergent from my conclusions are 
Professor Wilder*s statements on the olfactory lobes. He says : 
"The true olfactory lobe, or rhinencephalon, seems, therefore, to 
embrace only the hollow base of the cms, more or less thickened, 
and more or less distinguishable from the main mass as a hoUow 
process. The olfactory bulb, with the more or less elongated cms 
of many Plagiostomes, seems to be developed independently, or 
in connection with the olfactory sack, as are the general nerves ;" 
and again, "But the young and adult brains since examined 
shew that the ventricle [i.e, the ventricle of the olfactory lobe) 
ends as a rounded cul-de-sac before reaching the 'lobe*." 

The majority of the statements contained in the above 
quotations are not borne out by my observations. Even the few 
preparations of which I have given figures, appear to me to 
prove that (1) the olfactory lobes (crura and bulbs) are direct 
outgrowths from the cerebral rudiment, and develope quite 
independently of the olfactory sack ^ (2) that the ventricle of 
the cerebral rudiment does not stop short at the base of the 
cms ; (3) that from the bulb a nerve grows out which has a 
centrifugal growth like other nerves of the body, and places 
the central olfactory lobe in communication with the peripheral 
olfactory sack. In some other Vertebrates this nerve seems 
hardly to be developed, but it is easily intelligible, that if 
in the ordinary course of growth the olfactory sack became 
approximated to the olfactory lobe, the nerve which grew out 
from the latter to the sack might become so short as to escape 
detection. 
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Organs of Sense, 

The olfactory organ. The olfactory pit is the latest formed 
of the three organs of special sense. It appears during a stage 
intermediate between I and K, as a pair of slight thickenings of 
the ext-emal epiblast, in the normal vertebrate position on the 
under side of the fore-brain immediately in front of the mouth 
(PL XIV. fig. 1 and 2, 61), 

The epiblast cells which form this thickening are very co- 
lumnar, but present no special peculiarities. Each thickened 
patch of skin soon becomes involuted as a shallow pit, which 
remains in this condition till the close of the stage K, The 
epithelium very early becomes raised into a series of folds 
(Schneiderian folds). These ai*e bilaterally symmetrical, and 
diverge like the barbs of a feather from a median line 
(PL .XIV. fig. 14). The nasal pits at the close of stage K are 
still separated by a considerable interval from the walls of the 
brain, and no rudiment of an olfactory lobe arises till a later 
period ; but a description of the development of this as an in- 
tegral part of the brain has already been given, p. 178. 

Eye, The eye does not present in its early development any 
very special features of interest. Th« optic vesicles arise as 
hollow outgrowths from the base of the fore-brain (PL XIV. fig. 
3, op,v), from which they soon become partially constricted, and 
form vesicles united to the base of the brain by comparatively 
narrow hollow stalks, the rudiments of the optic nerves. The con- 
striction to which the stalk or optic nerve is due takes place 
from above and backwards, so that the optic nerves open into 
the base of the front part of the thalamencephalon (PL xiv. 
fig. 13a, op n). After the establishment of the optic nerves, there 
take place the formation of the lens and the pushing in of the 
anterior wall of the optic vesicle towards the posterior. 

The lens arises in the usual vertebrate fashion. The epiblast 
in front of the optic vesicle becomes very much thickened, and 
then involuted as a shallow pit, which eventually deepens and 
narrows. The walls of the pit are soon constricted off as a 
nearly spherical mass of cells enclosing a very small central 
cavity, in some cases indeed so small as to be barely recog- 
nisable (PL XIV. fig. 7, 1), The pushing in of the anterior wall 
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of the optic vesicle towards the posterior takes place in quite 
the normal manner; but, as has been already noticed by Gotte* 
and others, is not a simple mechanical result of the formation 
of the lens, as is shewn by the fact that the vesicle assumes a 
flattened form even before the appearance of the lens. The 
whole exterior of the optic cup becomes invested by mesoblast, 
but no mesoblastie cells grow in between the lens and the ad- 
joining wall of the optic cup. 

Round the oxterior of the lens, and around the exterior and 
interior of the optic cup, there appear membrane-like structures, 
similar to those already described round the spinal cord and 
other organs. These membrane-like structures appear with a 
varying distinctness, but at the close of stage K stand out with 
such remarkable clearness as to leave no doubt that they are 
not artificial products (PL xiv. fig. 13a).* They form the rudi- 
ments of the hyaloid membrane and lens capsule. Similar, 
though less well marked membranes, may often be seen lining 
the central cavity of the lens and the space between the two 
walls of the optic cup. The optic cup is at first very s];iallow« 
but owing to the rapid growth of the free edge of its walls soon 
becomes fairly deep. The growth extends to the whole circum^ 
ference of the walls except the point of entrance of the optio 
nerve (PI. XIV. fig. 13a), where no growth takes place ; here 
accordingly a gap is left in the walls, which forms the well 
known choroid slit. While this double walled cup is increasing 
in size, the wall lining the cavity of the cup becomes thick, and 
the outer wall very thin (fig. 13a). No further differentiations 
arise before the close of stage K. 

The lens is carried outwards with the growth of the optic 
cup, leaving the cavity of the cup quite empty. It also 
grows in size, and its central cavity becomes larger. Still later 
its anterior wall becomes very thin, and it^s posterior wall 
thick, and doubly convex (fig. 13a). Its changes, however, 
so exactly correspond to those already known in other Verte- 
brates, that a detailed description of them would be superfluous. 

No mesoblast parses into the optic cup round its edge, but a 
process of mesoblast, accompanied by a blood-vessel, passes into 

^ Entwickelungsgeschichte d. XJnke. 

' The engraver has not been very snccessful in rendering these membranes. 

B. 13 
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the space between the lens and the wall of the optic cup through 
the choroid slit (fig. 13a, ch). This process of tissue is very easily 
seen, and swells out on entering the optic cup into a mushroom- 
Uke expansion. It forms the processus falciformis, and from it 
is derived the vitreous humour. 

About the development of the parts of the eye, subsequently 
to stage K, I shall not say much. The iris appears during 
stage Oj as an ingrowing fold of both layers of the optic cup 
with a layer of mesoblast on its outer surface, which tends to 
close over the front of the lens. Both the epiblast layers com- 
prising the iris are somewhat atrophied, and the outer one is 
strongly pigmented. At stage O the mesoblast first also grows 
in between the external skin and the lens to form the rudiment 
of the mesoblastic structures of the eye in front of the lens. The 
layer, when first formed, is of a great tenuity. 

The points in my observations, to which I attach the 
greatest importance, are the formation of the lens capsule and 
the hyaloid membrane ; with the development of these may be 
treated also that of the vitreous humour and rudimentary pro-- 
cesms falcifoirmis. The development of these parts in Elasmo- 
branchs has recently been dealt with by Dr Bergmeister^ and 
his observations with reference to the vitreous humour and 
processus falciformis, the discovery of which in embryo Elas- 
mobranchs is due to him, are very complete. I cannot, however, 
accept his view that the hyaloid membrane is a mesoblastic pro- 
duct. Through the choroid slit there grows, as has been said, 
a process of mesoblast, the processus falciformis, which on 
entering the optic cup dilates, and therefore appears mush- 
room-shaped in section. At the earliest stage (K) a blood- 
vessel appeared in connection with it, but no vascular structure 
came under my notice in the later stages. The structure of 
this process during stage P is shewn in PI. xvi. fig. 6, p./aZ. ; 
it is there seen to be composed of mesoblast-cells with fibrous 
prolongations. The cells, as has been noticed by Bergmeister, 
form a special border round its dilated extremity. This pro- 
cess is formed much earlier than the vitreous humour, which is 
first seen in stage O. In hardened specimens this latter 
appears either as a gelatinous mass with a meshwork of fibres 

1 Embryologie d, Coloboms, Sitz, d, k, Akad, Wien, Bd. lxxi. 1876. 
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or (as shewn in PI. xvi. fig. 6) with elongated fibres proceeding 
from the end of the processus falciformis. These fibres are 
probably a product of the hardening reagent, but perhaps re- 
present some preformed structure in the vitreous humour. I 
have failed to detect in it any cellular elements. It is more or 
less firmly attached to the hyaloid membrane. 

On each side of the processus falciformis in stage P a slight 
fold of the optic cup is to be seen, but folds so large as those 
represented by Bergmeister have never come under my notice, 
though this may be due to my not having cut sections of such 
late embryos as he has. The hyaloid membrane appears long 
before the vitreous humour as a delicate basement membrane 
round the inner surface of the optic cup (PL XIV. fig. 18a), which 
is perfectly continuous with a similar membrane round the outer 
sur&ce. In the course of development the hyaloid n^embrane 
becomes thicker than the membrane outside the opUc oup, with 
which however it remains continuous. This is very clear in my 
sections of stage M. By stage O the m0mbrane outside the cup 
has ceased to be distinguishable, but the hyaloid membrane 
may nevertheless be traced to the very edge of the cup round 
the developing iris ; but does not unite with the lens capsule. 
It can also be traced quite to the junction of the two 
layers of the optic cup at the side of the choroid slit 
(PL XVI. fig. 6, hy. m). When the vitreous humour becoiQ43S 
artificially separated from the retina, th^ hyaloid membrana 
sometimes remains attached to the former, but at other 
times retains in preference its attachment to the retina. Mjr 
observations do not throw any light upon the junction of the 
hyaloid membrane and lens capsule to form the suspensory 
ligament, nor have I ever seen (as described by B^gmeister) 
the hyaloid membrane extending across the free end of the 
processus falciformis and separating the latter from the vitreous 
humour. This however probably appears at a period subsequent 
to the latest one investigated by me. The lens capsule arises at 
about the same period as the hyaloid membrane, and is a pro^ 
duct of the cells of the lens. It can be very distinctly seen in 
all the stages subsequent to its first formation. The proof of 
its being a product of the epiblastic lens, and not of the 
mesoblast, lies mainly in the fact of there being no mesoblast 

13—2 
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at hand to give rise to it at the time of its formation, 
vide PL XIV, fig. 13 a. If the above observations are cor- 
Tect, it is clear that the hyaloid membrane and lens capsule 
are respectively products of the retina and lens; so that 
it becomes necessary to go back to the older views of Kol- 
liker and others in preference to the more modem ones of 
Lieberkiihn and Arnold. It would take me too far from 
my subject to discuss the arguments used by the later in- 
vestigators to maintain their view that the hyaloid membrane 
and lens capsule are mesoblastic products; but it will suffice 
to say that the continuity of the hyaloid membrane over the 
pecten in birds is no conclusive argument against its retinal 
origin, considering the great amount of apparently independent 
growth which membranes, when once formed, are capable of 
exhibiting. 

Bergmeister's and my own observations on the vitreous 
humour clearly prove that this is derived from an ingrowth 
through the choroid-slit. On the other hand, the researches 
of Lieberkuhn and Arnold on the Mammalian Eye appear to 
demonstrate that a layer of mesoblast becomes in Mammalia 
involuted with the lens, and from this the vitreous humour 
(including the m&mhrana capsulo-pupillaris) is said to be in 
part formed. Lieberkuhn states that in Birds the vitreous 
humour is formed in a similar fashion. I cannot, however, 
accept his results on this point. It appears, therefore, that, 
so far as is known, all groups of Vertebrata, with the excep- 
tion of Mammalia, conform to the Elasmobranch type. The 
diflferences between the types of Mammalia and remaining 
Vertebrata are, however, not so great as might at first sight 
appear. They are merely dependent on slight differences in 
the manner in which the mesoblast enters the optic cup. In 
the one case it grows in round one specialized part of the edge 
of the cup, i.e. the choroid-slit ; in the other, round the whole 
edge, including the choroid-slit. Perhaps the mode of forma- 
tion of the vitreous humour in Mammalia may be correlated 
with the early closing of the choroid-slit. 

Auditory Organ, With reference to the development of the 
organ of hearing I have very little to say. Opposite the inter- 
val between the seventh and the glosso-pharyngeal nerves the 
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externkl epiblast becomes thickened, and eventually involuted 
as a vesicle which remains however in communication with 
the exterior by a narrow duct. Towards the close of stage K 
the auditory sack presents three protuberances — one pointing 
forwards, a second backwards, and a third outwards. These 
are respectively the rudiments of the anterior and posterior 
vertical and external horizontal semicircular canals. These 
rudiments are easily visible from the exterior (PI. XIV. fig. 2). 

As has been already pointed out, the epiblast of Elasmo- 
branchs during the early periods of development exhibits no 
division into an epidermic and a nervous layer, and in accord- 
ance with its primitive undiflferentiated condition, those portions 
of the organs of sense which are at this time directly derived from 
the external integument are formed indiscriminately from the 
whole, and not from an inner or so-called nervous part of it only. 
In the Amphibians the auditory sack and lens are derived 
from the nervous division of the epiblast only, while the same 
division of the layer plays the major part in forming the olfac- 
tory organ. It is also, stated that in Birds and Mammals the 
part of the epiblast corresponding to the nervous layer is alone 
concerned in the formation of the lens, though this does not 
appear to be the case with the olfactory or auditory organs 
in these groups of Vertebrates* 

« 

Mouth involution and Pituitary body. 

The development of the mouth involution and the pituitary 
body is closely related to that of the brain, and may conve- 
niently be dealt with here. The epiblast in the angle formed 
by the cranial flexure becomes involuted as a hollow process situ- 
ated in close proximity to the base of the brain. This hollow 
process is the mouth involution, and it is bordered on its pos- 
terior surface by the front wall of the alimentary tract, and on 
its anterior by the base of the fore-brain. 

The uppermost end of this does not till near the close of stage 
K become markedly constricted off from the remainder, but is 
nevertheless the rudiment of the pituitary body. PI. xrv. 
figs. 9a and 12 m shew in a most conclusive manner the cor-. 
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reiiiness of the above account, and demonstrate that it is from 
the mouth involution, and not, as has usually been stated, from 
the alimentary canal, that the pituitary body is derived. 

This fact was mentioned in my preliminary account of 
Elasmobranch development^; and has also been shewn to be 
the case in Amphibians by Gotte', and in Birds by Mihal- 
kowics*. The fiEtct is of considerable importance with reference 
to speculations as to the meaning of this body. 

Plate xrv. fig. 7 represents a transverse section through the 
head during a stage between I and K ; but, owing to the cranial 
flexure, it cuts the fore part of the head longitudinally and 
horizontally, and passes through both the fore-brain (Jh) and 
the hind-brain {jiv. i;.). Close to the base of the fore-brain are 
seen the mouth (m), and the pituitary involution from this 
{pt). In contact with the pituitary involution is the blind an« 
terior termination of the throat, which a little way back opens 
to the exterior by the first visceral cleft (i. v.c). This figure 
alone suffices to demonstrate the correctness of the above aq- 
count of the pituitary body ; but the truth of this is still further 
confirmed by other figures on the same plate (fig. 9 a and 
12 m); in which the mouth involution is in contact with, but 
still separated from, the front end of the alimentary tract. By 
the close of stage K, the septum between the mouth and 
throat becomes pierced, and the two are placed in communica- 
tion. This condition is shewn in PL xiv. fig. 16 a, and PI. 
XV. fig. 1 a, 1 c, pt In these figures the pituitary involution 
has become very partially constricted off from the mouth in- 
volution, though still in direct communication with it. In 
later stages the pituitary involution becomes longer and dilated 
terminally, while the passage connecting it with the mouth 
becomes natrower and narrower, and is finally reduced to a 
solid cord, which in its turn disappears. The remaining vesicle 
then becomes divided into lobes, and connects itself closely with 
the infundibulum (PL xv» figs. 5 and 6 pt). The later stages 
for Elasmobranchs are fully described by W. Muller in his im- 

1 Quarterly Journal of Microscopic Science, Oct. 1874. 

' Entwickitmgsgeschichte der Unke. Gotte was the first to draw attention to 
this fact His observations were then shewn to hold true for Elasmobranohs 
by myself, and subsequently for Birds by Mihalkowics* 

* Arch.f. niicr, AnaU VoL xi< 
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portant memoir on the ComparativQ Anatomy and development 
of this organ \ 

Development of the Cranial Nerves. 

The present section deals with the whole development (so 
far as I have succeeded in elucidating it) of the cranial 
nerves (excluding the optic and olfactory nerves and the nerves 
of the eye-muscles) from their first appearance to their attain- 
ment of the adult condition. My description commences with 
the first development of the nerves, to this succeeds a short 
description of the nerves in the adult Scyllium, and the section 
is completed hy an account of the gradual steps by which the 
adult condition is attained. 

Early Development of the Cranial Nerves. — ^Before the close 
of stage H the more important of the cranial nerves make 
their appearance. The fifth and the seventh are the first 
to be formed. The fifth arises by stage G (PI. xiv. fig. 3 y), 
near the anterior end of the hind-brain, as a/a outgrowOi from 
ihe extreme dorsal summit of the brain, in identioaUy the 
sams way as the dorsal root of a spinal nerve. 

The roots of the two sides sprout out from the summit of 
the brain, in contact with each other, and grow ventral^ards, 
one on each side of the brain, in dose contact with its walls. 
I have failed to detect more than one root for the two embry- 
onic branches of the fifth (ophthalmic and mandibular), and no 
trace of anterior or ventral root has been met with in any of my 
sections. 

The seventh nerve is formed nearly simultaneously with or 
shortly after the fifth, and some little distance behind and 
independently of it, opposite the anterior end of the thickening 
of the epiblast to form the auditory involution. It arises pre- 
cisely like the fifth, from the extreme dorsal summit of the 
neural axis (PI. xiv. fig. 4a, vn). So far as I have been able 
to determine, the auditory nerve and the seventh proper possess 
only a single root common to the two. There is no anterior 
root for the seventh any more than for the fifth, 

1 W. Miiller, Ueber Entwicklong nnd Baa d. Hypophysis a. d. Processus 
infondibnli cerebri, JenaUche Zeitschrifly Bd. yi. 
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Behind the auditory involution, at a stage subsequent to 
that in which the fifth and seventh nerves appear, there arise a 
series of roots from the dorsal summit of the hind-brain, which 
form the rudiments of the glosso-pharyngeal and vagus nerves. 
These roots are formed towards the close of stage H, but are 
still quite short at the beginning of stage 1. Their manner of 
development resembles that of the previously described cranial 
nerves. The central ends of the roots of the opposite sides are 
at first in contact with each other, and there is nothing to 
distinguish the roots of the glosso-pharyngeal and of the vagus 
nerves from the dorsal roots of spinal nerves. Like the dorsal 
roots of the spinal nerves, they appear as a series of ventral 
prolongations of a continuous outgrowth from the brain, which 
outgrowth is moreover continuous with that for the spinal 
nerves*. The outgrowth of the vagus and glosso-pharyngeal 
nerves is not continuous with that of the seventh nerve. This 
is shewn by PL xiv. figs. 4a and 4J. The outgrowth of the 
seventh nerve though present in 4a is completely absent in 
46 which represents a section just behind 4a. 

Thus^ by the end of stage I, there have appeared the 
rudiments of the Sth^ 7th, 8th, 9th and 10th cranial nerves, all 
of which spring from the hind-brain. These nerves all develope 
precisely as do the posterior roots of the spinal nerves, and it 
is a remarkable fact that hitherto I have failed to find a trace 
in the brain of a root of any cranial nerve arising from the 
ventral comer of the brain as do the anterior roots of the spinal 
nerves^, 

^ In the presence of this continuous outgrowth of the brain from which 
spring the separate nerve stems of the vagus, may perhaps be found a reconcili- 
ation of the apparently conflicting statements of Gotte and myself with reference 
to the vagus nerve. (K>tte regards the vagus as a single nerve, from its originating 
as an undivided rudiment ; but it is clear from my researches that, for Elasmo- 
branchs at least, this method of arguing will not hold good, since it would lead 
to the conclusion that all the spinal nerves were branches of one single nerve, 
si ace they too spring as processes from a continuous outgrowth from the brain I 

' The conclusion here arrived at with reference to the anterior roots, is 
opposed to the observations of both Gegenbaur on Hexanchus, Jenaische Zeit- 
schrifty Vol. vi, and of Jackson and Clarke on Echinorhinus, Journal 6f Anatomy 
and Physiology, Vol. x. These morphologists identify certain roots springing 
from the medulla below and behind the main roots of the vagus as true anterior 
roots of this nerve. The existence of these roots is not open to question, but 
without asserting that it is impossible for me to have failed to detect such roots 
had they been present in the embryo, I think I may maintain if these anterior 
roots are not present in the embryo, their identification as vagus roots must 
be abandoned ; and they must be regarded as belonging to spinal nerves. This 
point is more fully spoken of at p. 205* 
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It is admittedly difficult to prove a negative, and It may 
still turn out that there are anterior roots of the brain similar 
to those of the spinal cord ; in the mean time, however, the 
balance of evidence is in favour of there being none such. This 
at first sight appears a somewhat startling conclusion, but a little 
consideration shews that it is not seriously opposed to the facts 
which we know. In the first place it has been shewn by 
myselT that in Amphioxus (whose vertebrate nature I cannot 
doubt) only dorsal nerve-roots are present. Yet the nerves of 
Amphioxus are clearly mixed motor and sensory nerves, and it 
appears to me far more probable that Amphioxus represents a 
phase of development in which the nerves had not acquired 
two roots, rather than one in which the anterior root has been 
lost. In other words, the condition of the nerves in Amphioxus 
appears to me to point to the conclusion that primitively the 
craniO'Spinal nerves of vertebrates were nerves of mixed func^ 
tion vnth one root only, and that root ct dorsal one; and that 
the present anterior or ventral root is a secondary acquisition. 
This conclusion is further supported by the fact that the posterior 
roots develope in point of time before the anterior roots. If it 
be admitted that the vertebrate nerves primitively had only a 
single root, then the retention of that condition in the brain 
implies that this became differentiated from the remainder of 
the nervous system at a very early period before the acquire- 
ment of anterior nerve-roots, and that these eventually become 
developed only in the case of spinal nerves, and not in the case 
of the already highly modified cranial nerves, 

Suhsequent Changes of the Nerves, — To simplify my descrip- 
tion of the subsequent growth of the cranial nerves, I have 
inserted a short description of their distribution in the adult. 
This is taken from a dissection of Scyllium Stellare, which 
like other species has some individualities of its own not found 
in the other Elasmobranchs. For points not touched on in this 
description I must refer the reader to the more detailed ac- 
counts of my predecessors, amongst whom may specially be 
mentioned Stannius' for Carcharias, Spinax, Baja, Chimaera, 

^ Journal of Anatomy and Physiology, Vol. x. 
3 Nervensystem d, Fischer Hostock, 1849. 
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&C.; Gegenbaur^ for Hexanchus; Jackson and Clarke* for 
Echinorliinus. 

The ordinary nomenclature has been employed for the 
branches of the fifth and seventh nerves, though embryological 
data to be adduced in the sequel throw serious doubts upon 
it. Since I am without observations on the origin of the nerves 
to the muscles of the eyes, all account of these is omitted. 

The fifth nerve arises from the brain by three roots *: (1) an ante- 
rior more or less ventral root ; (2) a root slightly behind, but close 
to the former^, formed by the coalescence of two distinct strands, one 
arising from a dorsal part of the medulla, and a second and larger 
from the ventral; (3) a dorsal and posterior root, in its origm quite 
distinct and well separated from the other two, and sitaated slightly 
behind the dorsal strand of the second root^ This root a little way 
from its attachment becomes enclosed for a short distance in the sam^ 
sheath as the dorsal part of the second root, and a slight mixture of 
fibres seems to occur, but the migority of its fibres have no connection 
with those of the second root. The first and second roots of the fifth 
appear to me partially to unite, but before their junction the ramus 
ophthalmicus profundus is given off from the first of them. 

The fifth nerve, according to the usual nomenclature, has three 
main divisions. The first of these is the ophthalmia It is formed 
by the coalescence of two entirely independent branches of the 
fifth, which unite on leaving the orbit. The dorsalmost of these, 
or ramus ophthalmicus superficialis, originates from the third and 
posterior of the roots of the fifth, nearly the whole of which appears 
to enter into its formation. This root is situated on the dorsal part 
of the "lobi trigemini," at a point posterior to that of the other roots 
of the fifth or even of ike seventh nerve. The branch itself enters the 
orbit by a separate foramen, and, keeping on the dorsal side of it, 
reenters the cartilage at its anterior wall, and is there joined by the 
ra/rmia ophthalmicus profundus. This latter nerve arises from the 
anterior root of the fifth, separately pierces the wall of the orbit, 
and takes a course slightly ventral to the superior ophthalmic nerve, 
but does not (as is usual with Elasmobranchs) run below the superior 
rectus and superior oblique muscles of the eye. The nerve formed 
by the coalescence of the superficial and deep ophthalmic branches 
courses a short way below the surface, and supplies the mucous 
canals of the front of the snout. It is a purely sensory nerve. 
Strong grounds will be adduced in the sequel for regarding the ramus 
opkthalmicv^ superficialis, though not the ophthalmicus profundus, as 
in reality a branch of the seventh, and not of the fifth nerve. 

1 Jenaische Zeitschrift, Vol. vi. 

^ Journal of Anatomy and Physiology ^ Vol. x. 

• My results with reference to these roots accord exactly, so far as they go, 
with the more carefully worked out conclusions of Stannius, loc. cit. p. 29 and 30. 

* The root of the seventh nerve cannot properly be distinguished from this 
root. 
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The second division of the fifth nerve is the superior maxillary, 
which appears to me to arise from both the first and second roots of 
the fifth, though mainly from the first. It divides once into two 
main branches. The first of these— the buccal nerve of Stannius^ 
after passing forwards along the base of the orbit takes its course 
obliquely across the palatine arch and behind and below the nasal 
sack, supplying by the way numerous mucous canals, and dividing at 
last into two branches, one of these passing directly forwards on the 
ventral surface of the snout, and the second keeping along the front 
border of the mouth. The second division of the superior maxillary 
nerve (superior maxillary of Stannius), after giving off a small 
bi'anch, which passes backwards in company with a branch from the 
inferior maxillary nerve to the levator maxillsB superioris, itself 
keeps close to the buccal nerve, and eventually divides into numerous 
fine twigs to the mucous canals of the skin at the posterior region of 
the upper jaw. It anastomoses with the buccal nerve. The inferior 
maxillary nerve arises mainly from the second root of the fifth. After 
sending a small branch to the levator maxilla superioris, it passes 
outwards along the line separating the musculus adductor man- 
dibul» from the musculus levator labii superioris, and after giving 
branches to these muscles takes a course forward along the border of 
the lower jaw. It appears to be a mixed motor and sensoiy nerva 

The seventh or feicial nerve arises by a root close to, but behind 
and below the second root of the fifth, and is intimately fused with this. 
It divides almost at once into a small anterior branch and large 
posterior. 

The anterior branch is the palatine nerve. It gives off at first 
one or two very small twigs, which pursue a course towards the 
i^iracle, and probably represent the spiracular nerves of other Elas- 
mobranchs. Immediately after giving off these branches it divides 
into two stems, a posterior smaller and an anterior larger one. The 
former eventually takes a course which tends towards the angle of 
the jaw, and is distributed to the mucous membrane of the roof 
of the mouth, while the larger one bends forwards and supplies the 
mucous membrane at the edge of the upper jaw. The main stem of 
the seventh, after giving off a branch to the dorsal section of the 
musculus constrictor superficialis, passes outwards to the junction c^ 
the upper and lower jaws, where it divides into two branches, an 
anterior superficial branch, which runs immediately below the skin 
on the sur&ce of the lower jaw, and a second branch, which takes a 
deep course along the posterior border of the lower jaw, between it 
and the hyoid, and sends a series of branches backwards to the ven^' 
tral section of the musculus constrictor superficialis. The main stem 
of the fsLcial is mixed motor and sensory. I have not noticed a 
dorsal branch, similar to that described by Jackson and Clarke. 

The auditory nerve arises immediately behind the seventh, but 
requires no special notice here. A short way behind the auditory is 
situated the i*oot of the glossopharyngeal nerve. This nerve takes an 
oblique course backwards through the skull, and gives off in its pas- 
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Mge a TetT smaH donal Icmncii, wliich passes upwards and back- 
wainU thnMigh the cartOage tovards the loc^ of the skulL At the 
point where the main stem kares the cartilage it divides into two 
bnuiehes, an anterior smaller braoch to the hinder border of the hyoid 
archy and a posterior and larger one to anterior border of the first 
Ixanchial arch. It forks, in £icty oto- the first Yiaoeral cleft. 

The Tagus arises bj a great nmnber of distinct strands from the 
sides of the medolla. In the example directed there were twelve in 
alL The anterior three of these were the largest ; the middle one 
having the most ventral origin. The next four were very small and 
in pairs, and were separated bj a considerable interval from the next 
four, also very small, and these again bj a marked interval from the 
hindermost strand. 

The conunon stem formed bj the junction of these gives off im- 
mediately on leaving the skull a branch which forks on the second 
branchial cleft : a second for the third cleft is next given off ; the main 
stem then divides into a dorsal branch — the lateral nerve — and a 
ventral one — ^the branchio-intestinal nerve — ^which, after giving off 
the branches for the two last branchial clefts, supplies the heart and 
intestinal tract The lateral nerve passes back towards the posterior 
end of the body, internal to the lateral line, and between the dorso- 
lateral and ventro-lateral muscles. It gives off at its origin a fine nerve, 
which has a course neariy parallel to its own. The main stem of the 
vagus, at a short distance from its central end, receives a nerve which 
springs from the ventral side of the medulla, on about a level with 
the most posterior of the true roots of the vagus. This small nerve 
corresponds with the ventral or anterior roots of the vagus described 
by Gregenbaur, Jackson, and Clarke (though in the species investigated 
by the latter authors these roots did not join the vagus, but the 
anterior spinal nerves). Similar roots are also mentioned by Staa- 
nius, who found two of them in the Elasmobranchs dissected by him ; 
it is possible that a second may be present in Scyllium, but have 
been overlooked by me, or perhaps may have been exceptionally 
absent in the example dissected. 

The Fifth Nerve. The thinning of the roof of the brain, 
in the manner already described, produces a great change 
in the apparent position of the roots of all the nerves. The 
central ends of the rudiments of the two sides are, as has 
been mentioned, at first in contact dorsally; but, when by 
the growth of the roof of the brain its two lateral halves 
become pushed apart, the nerves also shift their position and 
become widely separated. The roots of the fifth nerve are 
BO influenced by these changes that they spring from the brain 
about half way up its sides, and a little ventral to the border 
of itfi thin roof. While this change has been taking place in 
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the point of attachment of the fifth nerve, it has not remained 
in other respects in a stationary condition. 

During stage H it already exhibits two distinct branches 
known as the mandibular and ophthalmic. These branches 
first lie outside a section of the body cavity which exists in the 
front part of the head. The ophthalmic branch of the fifth 
being situated near the anterior end of this, and the mandi- 
bular near the posterior end. 

In stage I the body cavity in this part becomes divided 
into two parts one behind the other, the posterior being situ- 
ated in the mandibular arch. The bifurcation of the nerve 
then takes place over the summit of the posterior of the two 
divisions of the body cavity, PI. XIV. fig. 9 6 v. aad 10 v, &c., 
and at first both branches keep close to the sides of this. 

The anterior or ophthalmic branch of the fifth soon leaves 
the walls of the cavity just spoken of and tends towards the 
eye, and there comes in close contact with the most anterior 
section of the body cavity which exists in the head. These 
relations it retains unchanged till the close of stage K. Be- 
tween stages I and K it may easily be seen from the surface ; 
but, before the close of stage K, the increased density of the 
tissues renders it invisible in the living embryo. 

The posterior branch of the fifth extends downwards into 
the mandibular arch in close contact with the posterior and 
outer wall of the body space already alluded to. At first no 
branches from it can be seen, but* I have detected by the 
close of stage K, by an oxamination of the living embryo, a 
branch springing from it a short way from its central ex- 
tremity, and passing forwards, PI. xiv. fig. 2 v. This branch 
I take to be the rudiment of the superior maxillary division of 
the fifth nerve. It is shewn in section, PL xrv. fig. 15 a V. 

In the stages after K the anatomy of the nerves becomes 
increasingly difficult to follow, and accordingly I must plead 
indulgence for the imperfections in my observations on all the 
nerves subsequently to this date. In the fifth I find up to 
stage O a single ophthalmic branch (PI. xvi. fig. 46 v op, th.), 
which passes forwards slightly dorsal to the eye and parallel and 
ventral to a branch of the seventh, which will be described when 
I come to that nerve. I have been unable to observe that this 
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branch divides into a ramus superficialis and ramus profundus, 
and subsequently to stage O I have no observations on it. 

By stage the fifth may be observed to have two very 
distinct roots, and a large ganglionic mass is developed close 
to their junction (Qasserian ganglion), PI. xvi. fig. 4 a. But in 
addition to this ganglionic enlargement, all of the branches 
have special ganglia of their own, PI. xvi. fig. 4 b. 

Summary. The fifth nerve has almost from the beginning 
two branches, the ophthalmic (probably the inferior ophthalmic 
of the adult) and the inferior maxillary. The superior maxillary 
nerve arises later than the other two as a branch from the in- 
ferior, originating comparatively far from its root. There is at 
first but a single root fijr the whole nerve, which subsequently 
becomes divided into two. Ganglionic swellings are developed 
on the common stem and main branches of the nerve. 

A general view of the nerve is shewn in the diagram in 
PL XVI. fig. 1. 

Seventh and Auditory Serves, — There appears in my earliest 
sections a single large rudiment in the position of the seventh 
and auditory nerves ; but in longitudinal sections of an embryo 
somewhat older than stage I, in which the auditory organ forms 
a fairly deep pit, still widely open to the exterior, there are to 
be seen immediately in front of the ear the rudiments of two 
nerves, which come into contact where they join the brain and 
have their roots still closely connected at the end of stage K 
(PL XIV. fig. 10 and 15 a and 15 b). The anterior of these 
pursues a straight course to the hyoid arch (PL xiv. fig. 10, 
VII.), the second of the two (PL xiv. fig. 10, au. n,), which is 
clearly the rudiment of the auditory nerve, developes a gan- 
glionic enlargement and, turning backward, closely hugs the 
ventral wall of the auditory involution. 

The observation just recorded appears to lead to the fol- 
lowing conclusions with reference to the development of the 
auditory nerve. A single rudiment arises from the brain for 
the auditory and seventh nerves. This rudiment subsequently 
becomes split into two parts, an anterior to form the seventh 
nerve, and a posterior to form the auditory nerve. The gan- 
glionic part of the auditory nerve is derived from the primitive 
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outgrowths from the brain, and not from the auditory involu- 
tion. I do not feel perfectly confident that an independent 
origin of the auditory nerve might not have escaped my notice ; 
but, admitting the correctness of the view which attributes to 
the seventh and auditory a common origin, it follows that the 
auditory nerve primitively arose in connection with the seventh, 
of which it may either, as Gegenbaur believes, be a distinct 
part — the ramus dorsalis — or else may possibly have formed 
part of a commissure, homologous with that uniting the dorsal 
roots of the spinal nerves, connecting the seventh with the 
glossopharyngeal nerve. In either case it must be supposed 
secondarily to have become separate and independent in con- 
sequence of. the development of the organ of hearing. 

My sections of embryos of stage K and the subsequent 
stages do not bring to light many new facts with reference to 
the auditory nerve: they demonstrate however that its gan- 
glionic part increases greatly in size, and in stage there is a 
distinct root for the auditory nerve in contact with that for the 
seventh. 

The history of the seventh nerve in its later stages presents 
points of great interest. Near the close of stage K there 
may be observed, in the living embryos and in sections, two 
branches of the seventh in addition to the original trunk to 
the hyoid arch, both arising from its anterior side; one passes 
straight forwards close to the external skin, but is at first only 
traceable a short way in front of the fifth, and a second passes 
downwards into the mandibular arch in such a fashion, that 
the seventh nerve forks over the hyomandibular cleft (vide 
PI. XIV, fig. 2, VII.; 15 a, VII.). My sections shew both these 
branches with great clearness. A third branch has also come 
under my notice, whose course leads me to suppose that it 
supplies the roof of the palate. 

In the later stages my attention has been specially directed 
to the very remarkable anterior branch of the seventh. This 
may, in stages L to 0, be traced passing on a level with the 
root of the fifth nerve above the eye, and apparently termi- 
nating in branches to the skin in front of the eye (PI. xvi. 
fig. 3, VII. ; 4 a, vii. a). It courses cloae beneath the skin (though 
this does not appear in the sections represented on account of 
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their obliqueness), and runs parallel and dorsal to the ophthalmic 
branch of the fifth nerve, and mg^y easily be seen in this posi- 
tion in longitudinal sections belonging to stage O; but its 
changes after this stage have hitherto baffled me, and its final 
fate is therefore, to a certain extent, a matter of speculation. 

The two other branches of the seventh, viz., the hyoid or 
main branch and mandibular branch, retain their primitive 
arrangement till the close of stage O. 

The fate of the remarkable anterior branch of the seventh 
nerve is one of the most interesting points which has started 
up in the course of my investigations on the development of 
the cranial nerves, and it is a matter of very great regret to 
me that I have not been able to clear up for certain its later 
history. 

Its primitive distribution leads to the supposition that it 
becomes the nerve known in the adult as the ramus ophthalmictis 
euperfidcUis of the fifth nerve, and this is the view which I 
admit myself to be inclined to adopt. There are several 
points in the anatomy of this nerve in the adult which tell in 
favour of accepting this view with reference to it. In the first 
place, the ramus ophthalmicus superficialis rises from the brain 
(vide description above, p. 194), quite independently of the 
ramus ophthalmicus profundus, and not in very close con- 
nection with the x)ther branches of the fifth, and also con- 
siderably behind these, quite as far back indeed as the ventral 
root of the seventh. There is therefore nothing in the position 
of its root opposed to its being regarded as a branch of the 
seventh nerve. Secondly, its distribution, which might at first 
sight be regarded as peculiar, presents no very strange features 
if it is looked on as a ramus dorsalis of the seventh, whose 
apparent anterior instead of dorsal course is due to the cranial 
flexure. If, however, the distribution of the ramus ophthal- 
micus superficialis is used as an argument against my view, 
a satisfactory reply is to be found in the fact that a branch 
of the seventh nerve certainly has the distribution in question 
ill the embryo, and that there is no reason why it should 
not retain it in the adult 

Finally, the junction of the two rami pphthalmici, most 
remarkable if they are branches of a single nerve, would present 
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nothing astonishing when they are regarded as branches of 
two separate nerves. 

If this view be adopted, certain modifications of the more 
generally accepted views of the morphology of the cranial 
nerves will be necessitated ; but this subject is treated of at the 
end of this section. 

Some doubt hangs over the fate of the other branches of 
the seventh nerve, but their destination is not so obscure as 
that of the anterior branch. The branch to the roof of the 
mouth can be at once identified as the ' palatine nerve \ and 
it only remains to speak of the mandibular branch. 

It may be noticed first of all with reference to this branch, 
that the seventh behaves precisely like the less modified 
succeeding cranial nerves. It forks in fact over a visceral 
cleft (the hyomandibular) the two sides of which it supplies; 
the branch at the anterior side of the cleft is the later 
developed and smaller of the two. There cannot be much 
doubt that the mandibular branch must be identified with 
the spiracular nerve (prse-spiracular branch Jackson and Clarke) 
of the adult, and if the chorda tympani of Mammals is cor* 
rectly regarded as the mandibular branch of the seventh 
nerve, then the spiracular nerve must represent it. Jackson 
and Clarke* take a dififerent view of the homology of the 
chorda tympani, and regard it as equivalent to the ramus^ 
mandibularis intemus (one of the two branches into which 
the seventh eventually divides), because this nerve takes 
its course over the ligament connecting the mandible with 
the hyoid. This view I cannot accept so long as it is ad- 
mitted that the chorda tympani is the branch of a cranial 
nerve supplying the anterior side of a cleft. The ramus man- 
dibularis intemus, instead of forming with the main branch 
of the seventh a fork over the spiracle, passes to its destination 
completely behind and below the spiracle, and therefore fails 
to fulfil the conditions requisite for regarding it as a branch 
to the anterior wall of a visceral cleft. It is indeed clear 
that the ramus mandibularis intemus cannot be identified 
with the embryonic mandibular branch of the seventh (which 
passes above the spiracle or hyomandibular cleft) when there is 

^ Loc ciu 

B. 14 
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present in the adult another nerve (the spiracular nerve), which 
exactly corresponds in distribution with the embryonic nerve 
in question. My view accords precisely with that already 
expressed by Gegenbaur in his masterly paper on the nerves 
of Hexanchus, in which he distinctly states that he looks 
upon the spiracular nerve as the homologue of an anterior 
branchial branch of a division of the vagus. In the adult 
the spiracular nerve is sometimes repres^ited by one or two 
branches of the palatine, e,g, Scyllium, but at other times 
arises independently from the main stem of the seventh \ 
The only difficulty in my identification of the embryonic 
mandibular branch with the adult spiracular nerve, is the 
extremely small size of the latter in the adult, compared with 
the size of mandibular in the embryo; but it is hardly sur- 
prising to find an atrophy of the spiracular nerve accompanying 
an atrophy of the spiracle itself. The palatine appears to me 
to have been rightly regarded by Jackson and Clarke as the 
great superficial petrosal of Mammals* 

On the common root of the branches of the seventh nerve, 
as well as on its hyoid branch, ganglionic enlargements are 
present at an early period of development. 

The Glossopharyngeal and Vagus Nerves. Behind the ear 
there are formed a series of five nerves which pass down 
to respectively the first, second, third, fourth and fifth visceral 
arches. 

For each arch there is thus one nerve, whose course lies 
close to the posterior margin of the preceding cleft, a second 
anterior branch being developed later. These nerves are con- 
nected with the brain (as 1 have determined by transverse 
sections) by roots at first attached to the dorsal summit, but 
eventually situated about half-way down the sides (PL xiv. 
fig. 6), nearly opposite the level of the process which 
divides the ventricle of the hind-brain into a dorsal and a 
ventral moiety. The foremost of these nerves is the glosso- 
pharyngeal. The next four are, as has been shewn by Gegen- 
baur', equivalent to four independent nerves, but form, together 
with the glossopharyngeal, a compound nerve, which we may 
briefly call the vagus. 

^ Hexanchns, Gegenbaur, Jenaisehe ZeiUchriftf Vol. vi. ^ Loc. cit. 
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This compound nerve by stage K attains a very com- 
plicated structure, and presents several remarkable and unex- 
pected features. Since it has not been possible for me 
completely to elucidate the origin of all its various parts, it 
will conduce to clearness if I give an account of its structure 
during stage K or L, and then return to what facts I can 
mention with reference to its development. Its structure 
during these stages is represented on the diagram, PI. XVL 
fig. 1. There are present five branches, viz. the glosso- 
pharjmgeal and four branches of the vagus, arising probably by 
a considerably greater number of strands from the brain*. 
All the strands from the brain are united together by a thin 
commissure, Vg. com., continuous with the commissure of the 
posterior roots of the spinal nerves, and from this commissure 
the five branches are continued obliquely ventralwards and back- 
wards, and each of them dilates into a ganglionic swelling. 
They all become again united together by a second thick com- 
missure, which is continued backwards as the intestinal branch 
of the vagus nerve Vg, in. The nerves, however, are continued 
ventralwai'ds each to its respective arch. From the hinder 
part of the intestinal nerve springs the lateral nerve tlZ., at a 
point whose relations to the branches of the vagus I have not 
certainly determined. 

The whole nerve-complex formed by the glossopharyngeal 
and the vagus nerves cannot of course be shewn in any single 
section. The various roots are shewn in PL xvL fig. 6. The 
dorsal conmiissure is represented in longitudinal section in 
PL XIV. fig. 15 6, com., and in transverse section in PL XVL 
fig,, 2 Vg, com. The lower commissure continued as the in- 
testinal nerve is shewn in PI. xiv, fig. 15 a, Vg,, and as seen 
in the living embryo in PL xiv. figs. 1 and 2. The ganglia 
are seen in PL xiv. fig. 6, Vg. The junction of the vagus and 
glossopharyngeal nerves is shewn in PL xiv, fig. 10. My obser- 
vations have not taught me much with reference to the origin of 
the two commissures, viz. the dorsal one and the one which forms 
the intestinal branch of the vagus. Very possibly they originate 
as a single commissure which becomes longitudinally seg- 

^ In the dlagraza there axe only five strands represented. This is due to 
the fact that I haye not certainly made oat their true number. 
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mented. It deserves to be noticed that the dorsal commissure 
has a long stretch, from the last branch of the vagus to the 
first spinal nerve, during which it is not connected with the 
root of any nerve; vide fig. 15 6, com. This space probably 
contained originally the now lost branches of \\iq vagus. In 
many transverse sections where the dorsal commissure might 
certainly be expected to be present it cannot be seen, but this 
is perhaps due to its easily falling out of the sections. I have 
not been able to prove that the commissure is continued for- 
wards into the auditory nerve. 

The relation of the branches of the vagus and glossopharyn- 
geal to the branchial clefts requires no special remark. It is 
fundamentally the same in the embryo as in the adult. The 
branches at the posterior side of the clefts are the first to 
appear, those at the anterior side of the clefts being formed 
subsequently to stage K, 

One of the most interesting points with reference to the 
vagus is the number of separate strands from the brain which 
unite to form it. The questions connected with these have been 
worked out in a masterly manner, both firom an anatomical and 
a theoretical standpoint, by Professor Gegenbaur\ It has not 
been possible for me to determine the exact number of these in 
my embryos, nor have I been able to shew whether they are as 
numerous at the earliest appearance of the vagus as at a later 
embryonic period. The strands are connected (PL xvi. fig. 5) 
with separate ganglionic centres in the brain, though in several 
instances more than one strand is connected with a single 
centre. In an embryo between stage and P more than a 
dozen strands are present. In an adult Scyllium I counted 
twelve separate strands, but their number has been shewn by 
Gegenbaur to be very variable. It is possible that they are 
r«emnants of the roots of the numerous primary branches of the 
vagus which have now vanished ; and this perhaps is the ex- 
planation of their variability, since in the case of all organs 
which are on the way to disappear variability is a precursor of 
disappearance. 

A second interesting point is the presence of the two 
connecting commissures spoken of above. It was not till com- 

' Loc. cit. 
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paratively late in my investigations that I detected the dorsal 
one. This has clearly the same characters as the dorsal com- 
missure already described as connecting the roots of all the 
spinal nerves, and is indeed a direct prolongation of this. It 
becomes gradually thinner and thinner, and finally ceases to be 
observable by about the close of stage L. It is of importance 
as shewing the similarity of the branches of the vagus to 
the dorsal roots of the spinal nerves. The ventral of the two 
commissures persists in the adult as the common stem from 
which all the branches of the vagus successively originate, 
and is itself continued backwards as the intestinal branch of the 
vagus. The glossopharyngeal nerve alone becomes eventually 
separated from the succeeding branches. Stannius and Gegen- 
baur have, as was mentioned above, detected in adult ElasBflu>- 
branchs roots which join the vagus, and which resemble the 
anterior or ventral roots of spinal nerves; and I have myself 
described one such root in the adult Scyllium. I have- searched 
for these in my embryos, but without obtaining conclusive results. 
In the earliest stages I can find no trace of them, but I have 
detected in stage L one anterior root on debatable border-land, 
which may conceivably be the root in question, but which. I 
should naturally have put down for the root of a spinal nerve. 
Are the roots in question to be regarded as proper roots of the 
vagus, or as ventral roots of spiral nerves whose dorsal roots 
have been lost? The latter view appeavs to me the most pro- 
bable one, partly from the embryological evidence furnished by 
my researches, which is clearly opposed to the existence of ante- 
rior roots in the brain, and partly from the condition of these 
roots in Echinorhinus, in which they join the sueceediog spinal 
nerves and not the vagus \ The similar relations of the ap- 
parently homologous branch or branches in many Osseous Fish 
may also be used as an argument fov my view. 

If, as seems probable, the roots in question become the 
hypoglossal nerve, this nerve must be regarded as formed 
from the anterior roots of one or more spinal nerves. Without 
embryological evidence it does not however seem possible to 
decide whether the hypoglossal nerve contains elements only of 
anterior roots or of both anterior and posterior roots. 

^ Vide Jackson and Clarke loc, cit. The authors take a different view to 
that here advocated, and regard the ventral roots described by them as having 
originally belonged to the vagus. 
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Mesoblast of the Head. 

Body Cavity and Myotomes of tlie Head. — During stage F 
the appearance of a cavity on each side in the mesoblast of 
the head was described. (Vide PI. IX. fig. 3 6 and 6 pp.) These 
cavities end in front opposite the blind anterior extremity of the 
alimentary canal ; behind they are continuous with the general 
body-cavity. I propose calling them the head-cavities. The 
cavities of the two sides have no communication with each other. 

Coincidently with the formation of an outgrowth from the 
throat to form the first visceral cleft, the head-cavity on each 
side becomes divided into a section in front of the cleft and a 
section behind the cleft (vide PI. xrv. fig. 4 a and 4 b pp.) ; and 
during stage H it becomes, owing to the formation of a second 
cleft, divided into three sections: (1) a section in front of the 
first or hyomandibular cleft ; (2) a section in the hyoid arch 
between the hyomandibular cleft and the hyobranchial or first 
branchial cleft ; (3) a section behind the first branchial cleft. 

The section in front of the hyomandibular cleft stands in a 
peculiar relation to the two branches of the fifth nerve. The 
ophthalmic branch of the fifth lies close to the outer side of its 
anterior part, the mandibular branch close to the outer side of its 
posterior part. During stage I this front section of the head- 
cavity grows forward, and become& divided, without the inter- 
vention of a visceral cleft, into an anterior and posterior division. 
The anterior lies close to the eye, and in front of the com- 
mencing mouth involution, and is connected with the ophthalmic 
branch of the fifth nerve. The posterior part lies completely 
within the mandibular arch, and is closely connected with the 
mandibular division of the fifth nerve. 

As the rudiments of the successive visceral clefts are formed, 
the posterior part of the head-cavity becomes divided into suc- 
cessive sections, there being one section for each arch. Thus 
the whole head-cavity becomes on each side divided into (1) a 
premandibular section ; (2) a mandibular section ; (3) a hyoid 
section ; (4) sections in the branchial arches. 

The first of these divisions forms a space of a considerable 
size, with epithelial walls of somewhat short columnar cells. 
It is situated close to the eye, and presents a rounded or some- 
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times triangular figure in sections (PL Xiv. fig. 7, 9 6 and 16 6, 
I. pp.). The ophthalmic branch of the fifth nerve passes close 
to its superior and outer wall. 

Between stages I and K the anterior cavities of the two 
sides are prolonged ventralwards and meet below the base of 
the fore-brain (PI. xiv. fig. 8, i. pp.). The connection between 
the two cavities appears to last for a considerable time, and still 
persists at the close of stage L. The anterior or premandibular 
pair of cavities are the only parts of the body-cavity within 
the head which unite ventrally. In the trunk, however, the 
primitively independent lateral halves of the body-cavity always 
unite in this way. The section of the head-cavity just described 
is so similar to the remaining posterior sections that it must be 
considered as equivalent to them. 

The next division of the head-cavity, which from its position 
may be called the mandibular cavity, presents during the stages 
I and K a spatulate shape. It forms a fiattened cavity, dilated 
dorsally, and produced ventrally into a long thin process parallel 
to the hyomandibular gill-cleft, PI. xiv. fig. 1 pp. and fig, 7, 
9 b and 15 a, 2pp. Like the previous space it is lined by a 
short columnar epithelium. 

The fifth nerve, as has already been mentioned, bifurcates 
over its dorsal summit, and the mandibular branch of that 
nerve passes down on its posterior and outer side. The man- 
dibular aortic arch is situated close to its inner side, PI. xiv, 
fig. 7. Towards the close of this period the upper part of the 
cavity atrophies. Its lower part also becomes much narrowed, 
but its walls of columnar cells persist and lie close to one 
another. The outer or somatic wall becomes very thin indeed, 
the splanchnic wall, on the other hand, thickens and forms a 
layer of several rows of elongated cells. This thicker wall is 
on its inner side separated from the surrounding tissue by a 
small space lined by a membrane-like structure. In each of 
the remaining arches there is a segment of the original body- 
cavity fundamentally similar to that in the mandibular arch. 
A dorsal dilated portion appears, however, to be present in the 
third or hyoid section alone, and even there disappears by the 
close of stage K. The cavities in the posterior parts of the head 
become much reduced like those in its anterior part, though at 
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rather a later period. Their walls however persist, and become 
more columnar. In PL xrv. fig. 13 6, pp., is represented the 
cavity in the last arch but one, at a period when the cavity in 
the mandibular arch has become greatly reduced. It occupies 
the same position on the outer side of the aortic trunk of its 
arch as does the cavity in the mandibular arch (PI. xiv. 
fig. 7, 2/)p). In Torpedo embryos the bead-cavity is much 
smaller, and atrophies earlier than in the embryos of Pristiurus 
and Scyllium. 

It has been shewn that, with the exception of the most 
anterior, the divisions of the body-cavity in the head become 
atrophied, not so however their tuaUs. The cells forming these 
become elongated^ and by stage N become distinctly developed 
into muscles. Their exact history I have not followed in its 
details, .but they almost unquestionably become the musculus 
contrictor superficialis and musculus interbranchialis^ ; and pro- 
bably also musculus levatOT mandibuli and other muscles of 
the front part of the head. 

. The most anterior cavity close to the eye remains unaltered 
much longer than the remaining cavities, and its two halves 
are still in communication at the close of stage L. I have not 
yet succeeded in tracing the subsequent fate of its walls, but 
think it probable that they develope into the rrmscles of the eye. 
The morphological importance of the sections of the body- 
cavitv in the head cannot be over-estimated, and the fact that 
the walls become developed into the muscular system of the 
head renders it almost certain that we must regard them as 
equivalent to the muscle-plates of the body, which originally con- 
tain, equally with those of the head, sections of the body-cavity. 
If this determination is correct, there can be no doubt that they 
ought to serve as valuable guides to the number of segments 
which have coalesced to form the head. This point is, how- 
ever, discussed in a subsequent section. 

General mesobkist of the head. — In stage G no mesoblast is 
present in the head, except that which forms the walls of the 
head-cavity. 

During stage H a few cells of undifierentiated connective 

* Vide Vetter, Die Kiemen und Kiefermuseulatur d, Fische, Jenaische ZeiU 
sehriftf Vol. vii. 
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tissue appear around the stalk of the optic vesicle, and in the 
space between the front end of the alimentary tract and the 
base of the brain in the angle of the cranial flexure. They are 
probably budded oflf from the walls of the head-cavities. Their 
number rapidly increases, and they soon form an investment 
surrounding all the organs of the head, and arrange themselves 
as a layer, between the walls of the roof of the fore and mid- 
brain and the external skin. At the close of stage K they are 
still undifferentiated and embryonic, each consisting of a large 
nucleus surrounded by a very delicate layer of protoplasm pro- 
duced into numerous thread-like processes. They form a regular 
meshwork, the spaces of which are filled up by an intercellular 
fluid. 

I have not worked out the development of the cranial and 
visceral skeleton ; but this has been made the subject of an in- 
vestigation by Mr Parker, who is more competent to deal 
with it than any other living anatomist. His results were in 
part made known in his lectures before the Royal College of 
Surgeons\ and will be published in full in the Transactions of 
the Zoological Society. 

All my efforts have hitherto failed to demonstrate any 
segmentation in the mesoblast of the head, other than that indi- 
cated by the sections of the body-cavity before mentioned; but 
since these, as above stated, must be regarded as equivalent to 
muscle-plates, any further segmentation of mesoblast could not 
be anticipated. To this statement the posterior part of the 
head forms an apparent exception. Not far behind the audi- 
tory involution there are visible at the end of period K a few 
longitudinal muscles, forming about three or four muscle-plates, 
the ventral part of which is wanting. I have not the means 
of deciding whether they properly belong to the head, or may 
not really be a part of the trunk system of muscles which 
has, to a certain extent, overlapped the back part of the head, 
but am inclined to accept the latter view. These cranial muscle- 
plates are shewn in PL XIV. fig. 15 6, and in PL xvi. fig. 2. 

Notochord in the Head. 
The notochord during stage G is situated for its whole length 

^ A report of the lectures ai^ared in Nature. 
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tjlose under the brain, and terminates opposite the base of the 
mid-brain. As the cranial flexure becomes greater and meso- 
blast is collected in the angle formed by this, the termination of 
the notochord recedes from the base of the brain, but remains 
in close contact with the front end of the alimentary canal. At 
the same time its terminal part becomes very much thinner 
than the remainder, ends in a point, and exhibits signs of a 
retrogressive metamorphosis. It also becomes bent upon itself 
in a ventral direction through an angle of 180® ; vide PL xiv. 
fig. 9 a and 16 a. In some cases this curvature is even more 
marked than is represented in these figures. 

The bending of the end of the notochord is not directly 
caused by the cranial flexure, as is proved by the fact that 
the end of the notochord becomes bent through a far greater 
angle than does the brain. During the stages subsequent to K 
the ventral flexure of the notochord disappears, and its term- 
inal part acquires by stage O a distinct dorsal curvature. 

Hypoblast of the head. 

The only feature of the alimentary tract in the head which 
presents any special interest is the formation of the gill-slits and 
of the thyroid body. In the present section the development of 
the former alone is dealt with : the latter body will be treated 
in the section devoted to the general development of the ali- 
mentary tract. 

The gill-slits arise as outgrowths of the lining of the 
throat towards the external skin. In the gill-slits of Torpedo 
I have observed a very slight ingrowth of the external skin 
towards the bypoblastic outgrowth in one single case. In all 
other cases observed by me, the outgrowth from the throat 
meets the passive external skin, coalesces with it, and then, by 
the dissolution of the wall separating the lumen of the throat 
from the exterior, a free communication from the throat out- 
wards is effected ; vide PI. XIV. fig. 5 a and 6, and 13 6. Thus 
it happens that the walls lining the clefts are entirely formed 
of hypoblast. The clefts are formed successively \ the anterior 
appearing first, and it is not till after the rudiments of three 
have appeared, that any of them become open to the exterior. 

1 yide Plates vi. axid yii. 
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In stage K, four if not five are open to the exterior, and the 
rudiments of six, the full number, have appeared \ Towards the 
close of stage K there arise, from the walls of the 2nd, 3rd, 
and 4th clefts, very small knob-like processes, the rudiments of 
the external gUls. These outgrowths are formed both by the 
lining of the gill-cleft and by the adjoining mesoblast*. 

From the mode of development of the gill-clefts, it appears 
that their walls are lined externally by hypoblast, and therefore 
that the external gills are processes of the walls of the alimen- 
tary tract, i,e, are covered by an hypoblastic, and not an epiblastic 
layer. It should be remembered, however, that after the gill- 
slits become open, the point where the hypoblast joins the 
epiblast ceases to be determinable, so that some doubt hangs 
over the above statement. 

The identification of the layer to which the gills belong is not 
without interest. If the external gills have an epiblastic origin, 
they may be reasonably regarded* as homologous with the ex- 
ternal gills of AnneUds ; but, if derived from the hypoblast, this 
view becomes, to say the least, very much less probable. 

Segmentation of the Head. 

The nature of the vertebrate head and its relation to the 
trunk forms some of the oldest questions of Philosophical 
Morphology. 

The answers of the older anatomists to these questions 
are of a contradictory character, but within the last few 
years it has been more or less generally accepted that 
the head is, in part at least, merely a modified portion 
of the trunk, and composed, like that, of a series of homo- 
dynamous segments*. While the researches of Huxley, Parker, 
Gegenbaur, Gotte, and other anatomists, have demonstrated 
in an approximately conclusive manner that the head is com- 
posed of a series of segments, great divergence of opinion 
still exists both as to the number of these segments, and 

^ The description of stage E and L, pp. 77 and 78, is a little inaccnrate with 
reference to the number of the visceral clefts, though the number visible in the 
hardened embryos is correctly described. 

* Vide on the development of the gills, Schenk, 8itz. d, k, Akad. Wien^ 
Vol. Lxxi., 1876. 

* Vide Dohm, XJrsprung d, Wirbelthiere. 

* Semper, in his most recent work, maintuns, if I understand him rightly, 
that the head is in no sense a modified part of the trunk, but admits that it is 
segmented in a similar fashion to the trunk. 
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as to the modifications which they have undergone, especially 
in the anterior part of the head. The questions involved 
are amongst the most difficult in the whole range of morpho- 
logy, and the investigations recorded in the preceding pages do 
not, I am very well aware, go far towards definitely solving 
them. At the same time my observations on the nerves and on 
the head-cavities appear to me to throw a somewhat new light 
upon these questions, and it has therefore appeared to me worth 
while shortly to state the results to which a consideration of 
these organs points. There are three sets of organs, whose de- 
velopment has been worked out, each of which presents more or 
less markedly a segmental arrangement: — (1) The cranial nerves ; 
(2) the visceral clefts ; (3) the divisions of the head-cavity. 

The first and second of these have often been employed in 
the solution of the present problem, while the third, so far as is 
known, exists only in the embryos of Elasmobranchs. 

The development of the cranial nerves has recently been 
studied with great care by Dr Qotte, and his investigations have 
led him to adopt very definite views on the segments of head. 
The arrangement of the cranial nerves in the adult has fre- 
quently been used in morphological investigations about the skull, 
but there are to my mind strong grounds against regarding it as 
afibrding a safe basis for speculation. The most important of 
these depends on the fact that nerves are liable to the greatest 
modification on any changes taking place in the organs they 
supply. On this account it is a matter of great difficulty, 
amounting in many cases to actual impossibility, to determine 
the morphological significance of the diflerent nerve-branches, 
or the nature of the fusions and separations which have taken 
place at the roots of the nerves. It is, in fact, only in those 
parts of the head which have, relatively speaking, undergone 
but slight modifications, and which require no special elucidation 
from the nerves, that these sufficiently retain in the adult their 
primitive form to serve as trustworthy morphological guides. 

I propose to examine separately the light thrown on the 
segmentation of the head by the development of (1) the nerves, 
(2) the visceral clefts, (3) the head-cavities ; and then to com- 
pare the three sets of results so obtained. 

The post-auditory nerves present no difficulties ; they are all 
organized in the same fashion, and, as was first pointed out by 
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Gegenbaur, form five separate nerves, each indicating a seg- 
ment. A comparison of the post-auditory nerves of Scyllium 
and other typical Elasmobranchs with those of Hexanchus and 
Heptanchus proves, however, that other segments were origin- 
ally present behind those now found in the more tjrpical forms. 
And the presence in Scyllium of numerous (twelve) strands 
from the brain to form the vagus, as well as the fact that a 
large section of the commissure connecting the vagus roots with 
the posterior roots of the spinal nerves is not connected with 
the brain, appear to me to shew that all traces of the lost nerves 
have not yet vanished. 

Passing forwards from the post-auditory nerves, we come to 
the seventh amd auditory nerves. The embryological evidence 
brought forward in this paper is against regarding these nerves 
as representing two segments. Although it must be granted 
that my evidence is not conclusive against an independent 
formation of these two nerves, yet it certainly tells in favour of 
their originating from a common rudiment, and Marshall's re- 
sults on the origin of the two nerves in Birds (published in 
the Journal of AnaUmy and Physiology, Vol. XT. Part 3) sup- 
port, I have reason to believe, the same conclusion. Even 
were it eventually to be proved that the auditory nerve origin- 
ated independently of the seventh, the general relations of 
this nerve, embryological and otherwise, are such that, pro- 
visionally at least, it could not be regarded as belonging to 
the same category as the facial or glossopharyngeal nerves, and 
it has therefore no place in a discussion on the segmentation 
of the head. 

The sevendi nerve of the embryo (PI. xvL fig. 1, vn.) is 
formed by the junction of three conspicuous branches, (1) an 
anterior dorsal branch which takes a more or less horizontal 
course above the eye (vn. a) ; (2) a main branch to the hyoi^ 
arch (vii. hy) ; (3) a smaller branch to the posterior edge of the 
mandibular arch (vn. mn). The first of these branches can 
clearly be nothing else but the typical "ramus dorsalis," of 
which however the auditory may perhaps be a specialized 
part. The fact that this branch pursues an anterior and not 
a directly dorsal course is probably to be explained as a con- 
sequence of the cranial flexure. The two other branches of 
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the seventh nerve are the same as those present in all the 
posterior nerves, viz. the branches to the two sides of a branchial 
cleft, in the present instance the spiracle; the seventh nerve 
being clearly the nerve of the hyoid arch. 

The fifth nerve presents in the arrangement of its branches 
a similarity to the seventh nerve so striking that it cannot be 
overlooked. This similarity is at once obvious from an inspec- 
tion of the diagram of the nerves on PL xvi. fig. 1, v., or from an 
examination of the sections representing these nerves (PI. xvi. 
figs. 3 and 4). It divides like the seventh nerve into three 
main branches : (1) an anterior and dorsal branch (r. ophthal- 
micus profundus), whose course lies parallel to but ventral to 
that of the dorsal branch of the seventh nerve; (2) a main 
branch to the mandibular arch (r. maxiUae inferioris); and (3) an 
anterior branch to the palatine arcade (r. maxiUae superioris). 
I was at first inclined to regard the anterior branch of the fifth 
(ophthalmic) as representing a separate nerve, and was supported 
in this view by its relation to the most anterior of the head- 
cavities; but the unexpected discovery of an exactly similar 
branch in the seventh nerve has induced me to modify this 
view, and I am now constrained to view the fifth as a single 
nerve, whose branches exactly correspond with those of the 
seventh. The anterior branch of the fifth is, like the corre- 
sponding branch of the seventh, the ramus dorsalisy and the two 
other branches are the equivalent of the branches of the 
seventh, which fork over the spiracle, though in the case of 
the fifth nerve no distinct cleft is present unless we regard the 
mouth as such. Embryology thus appears to teach us that 
the fifth nerve is a single nerve supplying the mandibular arch, 
and not, as has been usually thought, a complex nerve result- 
ing from the coalescence of two or three distinct nerves. My 
observations do not embrace the origin or history of the third, 
fourth, and sixth nerves, but it is hardly possible to help sus- 
pecting that in these we have the nerve of one or more segments 
in front of that supplied by the fifth nerve; a view which well 
accords with the most recent morphological speculations of 
Professor Huxley \ 

1 Preliminary note upon the brain and skull of Amphiozus, Proc, of the Kgyal 
Society, Vol. zzii. 
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From this enumeration of the nerves the optic nerve is 
excluded for obvious reasons, and although it has been shewu 
above that the olfactory nerve developes like the other nerves 
as an outgrowth from the brain, yet its very late appearance 
and peculiar relations are, at least for the present, to my mind 
suflScient grounds for excluding it from the category of seg- 
mental cranial n-erves. 

The nerves then give us indications of seven cranial seg- 
Bftents, or, if the nerves to the eye-muscles be included, of at the 
least eight segments, but to these must be added a number 
of segments now lost, but which once existed behind the last 
of those at present remaining. 

The branchial clefts have been regarded as guides to seg- 
mentation by Gegenbaur, Huxley, Semper, etc., and this view 
cannot I think be controverted. In Scyllium there are six 
clefts which give indications of seven segments, viz. the seg- 
ments of the mandibular arch, hyoid arch, and of the five 
branchial arches. If, following the views of Dr Dohm*, we 
regard the mouth as representing a cleft, we shall have seven 
clefts and eight segments ; and it is possible, as pointed out in 
Dr Dohm's very suggestive pamphlet, that remnants of a still 
greater numb^ pf praeoral clefts may still be in existence. 
Whatever may be the value of these speculations, such forms 
as Hexanchus and Heptanchus and Amphioxus make it all 
but certain that the ancestors of Vertebrates had a number of 
clefts behind those now developed. 

The last group of organs to be dealt with for our present 
question is that of the Head-Cavities. 

The walls of the spaces formed by cephalic prolongations of 
the body-cavity develope into muscles and resemble the muscle- 
plates of the trunk, and with these they must be identified, 
as has been already stated As equivalent to the muscle-plates, 
they clearly are capable of serving as very valuable guides for 
determining the segmentation of the head. There are then a 
pair of these in front of the mandibular arch, a pair in the 
mandibular arch, and a pair in each succeeding arch. In all 
there are eight pairs of these cavities representing eight seg- 
ments, the first of them prseoraL As was mentioned above, 
each of the sections of the head-cavily (except perhaps the 

* Urtprung d» Wirbelthiere. 
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first) stands in a definite relation to the nerve and artery of the 
arch in which it is situated. 

The comparative results of these three independent methods 
cS determining the s^mentation of the head are in the sub- 
joined table represented in a form in which they can be 
compared: — 

Table of the CephaUc Segments as determined hy the NerveSj Visceral 

Arches, and Head-Cavities, 



Segments. 


Kerves. 


Tiscend Arches. 


Head-Cavities or 

Cranial 

MnsdePlates. 


PnMrall 


3rd and 4th and? 6th 
neires (perhaps repre- 

one segment) 


(?) 


1st head-cavity 
(in my figores 1pp.) 


Postona2 


5th nerre 


Mandibolar 


2nd head-cavity 
(in my figures 2 pp.) 


8 


7th nerve 


Hyoid 


3rd head-cavity 


4 

5 


Glossopharyngeal 

nerye 
Ist branch of yagos 


Ist branchial arch 
2nd branchial arch 


4th head-cavity 
5th head-cavity 


6 


2nd branch of yagns 


3rd branchial arch 


6th head-cavity 


7 


3rd branch of yagns 


4th branchial arch 


7th head-cavity 


8 


4th branch of vagus 


5th branchial arch 


8th head-cavity 



In the above table the first column denotes the segments of 
the head as indicated by a comparison of the three sets of organs 
employed. The second column denotes the segments as ob- 
tained by an examination of the nerves ; the third column is for 
the visceral arches (which lead to the same results as, but are more 
convenient for our table than, the visceral clefts), and the fourth 
column is for the head-cavities. It may be noticed that from 
the second segment backwards the three sets of organs lead to 
the same results. The head-cavities indicate one segment in 
front of the mouth, and now that the ophthalmic branch of the 
fifth has been dethroned from its position as a separate nerve, 
the eye-nerves, or one of them, may probably be regarded as 
belonging to this segment. If the suggestion made above 
(p. 208), that the walls of the first cavity become the eye-muscles, 
be correct, the eye-nerves would perhaps after all be the most 
suitable nerves to regard as belonging to the segment of the first 
head-cavity. 



CHAPTER X. 
The Alimentary Canal. 

The present Chapter completes the history of the primitive 
alimentary canal, whose formation has already been described 
In order to economise space, no attempt has been made to give 
a full account of the alimentary canal and its appendages, but 
only those points have been dealt with which present any 
features of special interest. 

The development of the following organs is described in 
order. 

(1) The solid oesophagus. 

(2) The postanal section of the alimentary tract 

(3) The cloaca and anus. 

(4) The thyroid body. 

(5) The pancreas. .7 

(6) The liver. 

(7) The subnotochordal rod. 

The solid ossophagtis, 

A curious point which has turned up in the course of my 
investigations is the fact that for a considerable period of 
embryonic life a part of the oesophagus remains quite solid and 
without a lumen. The part of the oesophagus to undergo this 
peculiar change is that which overlies the heart, and extends 
from the front end of the stomach to the branchial region. At 
first, this part of the oesophagus has the form of a tube with 
a well-developed lumen like the remainder of the alimentary 
tract, but at a stage slightly younger than K its lumen becomes 
smaller, and finally vanishes, and the original tube is replaced 
by a solid rod of uniform and somewhat polygonal cells. A 
section of it in this condition is represented in Pi. X. fig. 8a. 

At a slightly later stage its outermost cells become more 
B. 15 
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oolmnnar than the remainder, and between stages K and L it 
loses its cvlindrical form and becomes much more flattened. 
By stage L the external layer of columnar cells is more defin- 
itely established, and the central lonnded cells are no longer so 
nomerons (PL xttl fig. 4, s cbk.). 

In the succeeding stages the solid part of the oesophagus 
immediately adjoining the stomach is carried farther back 
relatively to the heart and overlies the front end of the liver. 
A lumen is not however formed in it by the dose of stage Q, 
and beyond that period I have not carried my investigations, 
and cannot therefore state the exact period at which the lumen 
reappears. The limits of the solid part of the oesophagus are 
very satisfactorily shewn in longitudinal and vertical sections. 

The solidification of the oesophagus belongs to a class of 
embryological phenomena which are curious rather than in- 
teresting, and are mainly worth recording from the possibility 
of their turning out to have some unsuspected morpholo^cal 
bearings. 

Up to stage Q there are no signs of a rudimentary air- 
bladder. 

The postanal section of the alimentary tract 

An account has already been given (p. 91) of the posterior 
continuity of the neural and alimentary canals, and it was there 
stated that Kowalevsky was the discoverer of this peculiar ar- 
rangement. Since that account was published, Kowalevsky has 
given further details of his investigations on this point, and 
more especially describes the later history of the hindermost 
section of the alimentary tract. He says* : 

The two germinal layers, epiblast and hypoblast, are continuous 
with each other at the border of the germinal disc. The primitive 
groove or furrow appears at the border of the germinal disc and 
is continued from the upper to the lower side. By the closing of 
the groove there is formed the medullary canal above, while the 
part of the groove on the under surface directed below is chiefly 
converted into the hind end of the alimentary tract. The connection 
of the two tubes in Acanthias persists till the formation of the anus, 
and the part of the nervous tube which lies under the chorda passes 

' Archivf. Mic. Anat. Vol. xiii. pp. 194, 195. 
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gradually upwards to the dorsal side of the chorda, and persists there 
for a long time in the form of a large thin-walled vesicle. 

The last part of the description beginning at « The con- 
nection of" does not hold good for any of the genera which 
I have had an opportunity of investigating, as will appear from 
the sequel. 

In a previous section* the history of the alimentary tract 
was completed up to stage G. 

In stage H the point where the anus will (at a very much 
later period) appear, becomes marked out by the alimentary 
tract sending down a papilliform process towards the skin. 
This is shewn in PI. vi. figs. H and /, an. 

That part of the alimentary tract which is situated behind 
this point may, for convenience, be called Ihe postanal section. 
During stage H the postanal section begins to develope a 
terminal dilatation or vesicle, connected with the remainder 
of the canal by a narrower stalk. The relation in diameter 
between the vesicle and the stalk may be ^thered by a com- 
parison of fig. 3a and 36, PI. x. The diameter of the vesicle 
represented in section in PI. x. fig. 3, is 0*328 Mm. 

The walls both of the vesicle and stalk are formed of a 
fairly columnar epithelium. The vesicle communicates in front 
by a narrow passage (PL x. fig. 3a) with the neural canal, and 
behind is continued into two horns (PI. X. fig. 2, a/.) cor- 
responding with the two caudal swellings spoken of above 
(p. 73). Where the canal is continued into these two horns, 
its walls lose their distinctness of outline, and become con- 
tinuous with the adjacent mesoblast. 

In the succeeding stages up to K the tail grows longer and 
longer, and with it grows the postanal section of the alimen- 
tary tract, without however altering in any of its essential 
characters. 

Its features at stage K are illustrated by an optical section 
of the tail of an embryo (PL xvii. fig. 5) and by a series of 
transverse sections through the tail of another embryo in PL 
XVII. fig. 6a, 66, 6c, Qd, In the optical section there is seen 
a terminal vesicle {alv) opening into the neural canal, and con- 

^ p. 87 et seq. 

15—2 
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nected with the remainder of the alimentary tract. The ter- 
minal vesicle causes the end of the tail to be dilated, as is 
shewn in PI. vii. fig. K. The length of the postanal section 
extending from the abdominal paired fins to the end of 
the tail (equal to rather less than one-third of the whole 
length of the embryo), may be gathered from the same figure. 

The most accurate method of studying this part of the 
alimentary canal is by means of transverse sections. Four 
sections have been selected for illustration (PI. xvii. fig. 6a, 6&, 
6c, and &d) out of a fairly-complete series of about one hundred 
and twenty. 

Posteriorly (fig. 6a) there is present a terminal vesicle 
•25 Mm. in diameter, and therefore rather smaller than in 
the earlier stage, whose walls are formed of columnar epi- 
thelium, and which communicates dorsally by a narrow opening 
with the neural canal; to this is attached a stalk in the 
form of a tube, also lined by columnar epithelium, and ex- 
tending through about thirty sections (PI. xvii. fig. 66). Its 
average diameter is about '084 Mm. Overlying its front end 
is the subnotochordal rod (fig. 6J, a?.), but this does not extend 
as far back as the terminal vesicle. 

The thick-walled stalk of the vesicle is connected with the 
cloacal section of the alimentary tract by a very narrow thin- 
walled tube (PI. XVII. 6c, al,). This for the most part has a 
fairly uniform calibre, and a diameter of not more than '035 Mm. 
Its walls are formed of a flattened epithelium. At a point not 
far from the cloaca it becomes smaller, and its diameter falls 
to '03 Mm. In front of this point it rapidly dilates again, and, 
after becoming fairly wide, opens on the dorsal side of the 
cloacal section of the alimentary canal just behind the anus 
(fig. 6d). 

Near the close of stage K at a point shortly behind the 
anus, where the postanal section of the canal was thinnest in 
the early part of the stage, the alimentary canal becomes solid 
(PI. XL fig. 9d), and a rupture here occurs in it at a slightly 
later period. 

In stage L the posterior part of the postanal section of the 
canal is represented by a small rudiment near the end of the 
tail. The rudiment no longer has a terminal vesicle, nor does 
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it communicate with the neural canal. It was visible in one 
series for about 40 sections, and was continued forwards by a 
few granular cells, lying between the aorta and the caudal vein. 
The portion of the postanal section of the alimentary tract just 
behind the cloaca, was in the same embryo represented by a 
still smaller rudiment of the dilated part which at an earlier 
period opened into the cloaca. 

Later than stage L no trace of the postanal section of the 
alimentary canal has come under my notice, and I conclude that 
it vanishes without becoming converted into any organ in the 
adult. Since my preliminary account of the development of 
Elasmobranch Fishes was written, no fresh light appears to 
have been thrown on the question of the postanal section of the 
alimentary canal being represented in higher Vertebrata by the 
allantois. 

The cloaca and anus. 

Elasmobranchs agree closely with other Vertebrates in the 
formation of the cloaca and anus, and in the relations of the 
cloaca to the urinogenital ducts. 

The point where the anus, or more precisely the external 
opening of the cloaca, will be formed, becomes very early 
marked out by the approximation of the wall of the alimen- 
tary tract, and external skin. This is shewn for stages H and I 
in PI. VI. an. 

Between stages I and K the alimentary canal on either 
side of this point, which we may for brevity speak of as the 
anus, is far removed from the external skin, but at the anus 
itself the lining of the alimentary canal and the skin are in 
absolute contact. There is, however, no involution from the 
exterior, but, on the contrary, the position of the anus is 
marked by a distinct prominence. Opposite the anus the 
alimentary canal dilates and forms the cloaca. 

During stage K, just in front of the prominence of the anus, 
a groove is formed between two downgrowths of the body-wall. 
This is shewn in PL XI. fig. 9a. During the same stage 
the segmental ducts grow downwards to the cloaca, and open 
into it in the succeeding stage (PI. xi. fig. 9J). Up to stage K 
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the cloaca is connected with the prssanal section of the ali- 
mentary canal in front, and the postanal section behind ; the 
latter, however, by stage L, as has been stated above, atrophies, 
with the exception of a very small rudiment. In stage L the 
posterior part of the cloaca is on a level with the hind end 
of the kidneys, and is situated behind the posterior horns of the 
body-cavity, which are continued backwards to about the point 
where the segmental ducts open into the cloaca, and though very 
small at their termination rapidly increase in size anteriorly. 

Nothing very worthy of note takes place in connection 
with the cloaca till stage O. By this stage we have three 
important structures developed. (1) An involution from the 
exterior to form the mouth of the cloaca or anus. (2) A per- 
foration leading into the cloaca at the hind end of this, 
(3) The rudiments of the abdominal pockets. All of these 
structures are shewn in PI. xvni. fig. la, lb, Ic. 

The mouth of the cloaca is formed by an involution of the 
skin, which is deepest in front and becomes very shallow 
behind (PL xvni. fig. la, 16). At first only the mucous layer 
of the skin takes part in it, but when the involution forms 
a true groove, both layers of the skin serve to line it. At its 
posterior part, 'where it is shallowest, there is present, at stage O, 
a slit-like longitudinal perforation, leading into the posterior 
part of the cloaca (PI. XVIII. fig. Ic) and forming its external 
opening. Elsewhere the wall of the cloaca and cloacal groove 
are merely in contact but do not communicate. On each side 
of the external opening of the cloaca there is present an invo- 
lution (PI. xvin. fig. Ic, ab,p.) of the skin, which resembles 
the median cloacal involution, and forms the rudiment of an 
abdominal pocket. These two rudiments must not be confused 
with two similar ones, which are present in all the three sections 
represented, and mark out the line which separates the limbs 
from the trunk. These latter are not present in the succeeding 
stages. The abdominal pockets are only found in sections 
through the opening into the cloaca, and are only visible in 
the hindermost of my three sections. 

All the structures of the adult cloaca appear to be already 
constituted by stage O, and the subsequent changes, so far 
as I have investigated them, may be dealt with in very few 
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words. The perforation of the cloacal involution is carried 
slowly forwards, so that the opening into the cloaca^ though re- 
taining its slit-like character, becomes continuously longer ; by 
stage Q its size is very considerable. The cloacal involution^ 
relatively to the cloaca, recedes backwards. In stage O its an- 
terior end is situated some distance in front of the opening of 
the segmental duct into the cloaca ; by stage P the front end of 
the cloacal involution is nearly opposite this opening, and by 
stage Q is situated behind it. 

As I have shewn elsewhere^ the so-called abdominal pores 
of Scylliimi are simple pockets open to the exterior, but witljout 
any communication with the body-cavity. By stage Q they are 
considerably deeper than in stage O, and retain their original 
position near the hind end of the opening into the cloaca. The 
opening of the urinogenital ducts into the cloaca will be 
described in the section devoted to the urinogenital system. 

In Elasmobranchs, as in other Vertebrata, that part of the 
cloaca which receives the urinogenital ducts, is in reality the 
hindermost section of the gut and not the involution of epiblast 
which eventually meets this. Thus the urinogenital ducts at 
first open into the alimentary canal and not to the exterior. 
This fact is certainly surprising, and its meaning is not quite 
clear to me. 

The very late appearance of the anus may be noticed as a 
point in which Elasmobranchs agree with other Vertebrata, 
notably the Fowl*. The abdominal pockets, as might be anti- 
cipated from their structure in the adult, are simple involutions 
of the epiblast. 

The thyroid body. 

The earliest trace of the thyroid body has come under 
my notice in a Torpedo embryo slightly older than I. In this 
embryo it appeared as a diverticulum from the ventral surface 
of the throat in the region of the mandibular arch, and extended 
from the border of the mouth to the point where the ventral 
aorta divided into the two aortic branches of the mandibular 



1 This Journal, Vol. x. p. 34. 

^ Vide Gasser, Entwicklungsgeschichte der AllantoU, etc. 
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arch. In front it bounded a groove (PL XIV. fig. 5a, Th.), 
directly continuous with the narrow posterior pointed end of 
the mouth and open to the throat, while behind it became a 
solid rod attached to the ventral wall of the oesophagus (PL 
XIV. fig. 56, Tk). In a Scyllium embryo belonging to the 
early part of stage K, the thyroid gland presented the same 
arrangement as in the Torpedo embryo just described, with the 
exception that no solid posterior section of it was present. 

Towards the close of stage K the thyroid body begins to 
elongate and become solid, though it still retains its attachment 
to the wall of the oesophagus. The solidification is effected by 
the columnar cells which line the groove elongating and meet- 
ing in the centre. As soon as the lumen is by these means 
obliterated, small cells make their appearance in the interior of 
the body, probably budded off from the original columnar cells. 

The gland continues to grow in length, and by stage L 
assumes a long sack-like form with a layer of columnar cells 
bounding it externally, and a core of rounded cells filling up its 
interior. Anteriorly it is still attached to the throat, and its 
posterior extremity lies immediately below the end of the ven- 
tral aorta. The cells of the gland contain numerous yellowish 
concretionary pigment bodies, which are also present in the 
later stages. 

Up to stage P the thyroid gland retains its original position. 
Its form and situation are shewn in PL XVIII. fig. 3, th., in 
longitudinal and vertical section for a stage between O and P. 
The external layer of columnar cells has now vanished, and 
the gland is divided up by the ingrowth of connective-tissue 
septa into a number of areas or lobules — the rudiments of the 
future follicles. These lobules are perfectly solid without any 
trace of a lumen. A capillary network following the septa is 
present. 

By stage Q the rudimentary follicles are more distinctly 
marked, but still without a lumen, and a connective-tissue 
sheath indistinctly separated from the surrounding tissue has 
been formed. My sections do not shew a junction between the 
gland and the epithelium of the throat ; but the two are so close 
together, that I am inclined to think that such a junction still 
exists. It is certainly present up to stage P. 
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Dr Muller\ in his exhaustive memoir on the thyroid body, 
gives an account of its condition in two Acanthias embryos. In 
his earliest embryo (which, judging from the size, is perhaps 
about the same age as my latest) the thyroid body is discon- 
nected from the throat, yet -contains a lumen, and is not divided 
up into lobules. It is clear from this account, that there must 
be considerable differences of detail in the development of the 
thyroid body in Acanthias and Scyllium. 

In the Bird Dr Miiller's figures shew that the thyroid body 
developes in the region of the hyoid arch, whereas, in Elasmo- 
branchs, it developes in the region of the mandibular arch. 
Dr Gotte's' account of this body in Bombinator accords very 
completely with my own, both with reference to the region in 
which it developes, and its mode of development. 

The pancreas. 

The pancreas arises towards the close of stage K as a some-* 
what rounded hollow outgrowth from the dorsal side of that part 
of the gut which from its homologies may be called the duodenum. 
In the region where the pancreas is being formed the appearances 
presented in a series of transverse sections are somewhat com- 
plicated (PI. XVII. fig. 1), owing to the several parts of the gut 
and its appendages which may appear in a single section, but 
I have detected no trace of other than a single outgrowth to 
form the pancreas. 

By stage L the original outgrowth from the gut has become 
elongated longitudinally, but transversely compressed: at the 
same time its opening into the duodenum has become somewhat 
narrowed. 

Owing to these changes the pancreas presents in longitudinal 
and vertical section a funnel-shaped appearance (PL xviii. fig. 4). 
From the expanded dorsal part of the funnel, especially from 
its anterior end, numerous small tubular diverticula grow out 
into the mesoblast. The apex of the funnel leads into the duo- 
denum. From this arrangement it results that at this period 
the original outgrowth from the duodenum serves as a recep- 
tacle into which each ductule of the embryonic gland opens 

^ Jenaische Zeitsckrift, Vol. vi. 
* Entwicklungsgeschichte d. Unke. 
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separately. I have not followed in detail the further growth 
of the gland. It is, however, easy to note that while the 
ductules grow longer and become branched, vascular processes 
grow in between them, and the whole forms a compact glandular 
body in the mesentery on the dorsal side of the alimentary 
tract, and nearly on a level with the front end of the spiral 
valve. The funnel-shaped receptacle loses its original form, 
and elongating, assumes the character of a duct. 

From the above account it follows that the glandular part 
of the pancreas, and not merely its duct, is derived from the 
original hypoblastic outgrowth from the gut. This point is 
extremely clear in my preparations, and does not, in spite of 
Schenk's observations to the contrary*, appear to me seriously 
open to doubt. 

The liver. 

The liver arises during stage I as a ventral outgrowth from 
the duodenum immediately in front of the opening of the 
umbilical canal (duct of the yolk-sack) into the intestine. 
Almost as soon as it is formed this outgrowth developes two 
lateral diverticula opening into a median canal. 

The two diverticula are the rudimentary lobes of the liver, 
and the median duct is the rudiment of the common bile-duct 
(ductus choledochus) and gall-bladder (PI. xi. fig. 9). 

By stage K the hepatic diverticula have begun to bud out 
a number of small hollow knobs. These rapidly increase in 
length and number, and form the so-called hepatic cylinders. 
They anastomose and unite together, so that by stage L there 
is constructed a regular network. As the cylinders increase 
in length their lumen becomes very small, but appears never 
to vanish (PI. xviii. fig. 5). 

The mode of formation of the liver parenchyma by hollow 
and not solid outgrowths agrees with the suggestion made in 
the Elements of Emhryologyy p. 133, and also with the results 
of Gotte on the Amphibian liver. Schenk has thrown doubts 
upon the hypoblastic nature of the secreting tissue of the liVer, 
but it does not appear to me, from my own investigations, that 
this point is open to question. 

1 Lehrbuch d. vergleichenden Embryologie, 
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Coincidently with the formation of the hepatic network, 
the umbilical vein (PL xi. fig. 9, u. v.) which unites with the 
subintestinal or splanchnic vein (PL X. fig. 8 V,) breaks up into 
a series of channels, which form a second network in the spaces 
of the hepatic network. These vascular channels of the liver 
appear to me to have from the first distinct walls of delicate 
spindle-shaped cells, and I have failed to find a stage similar 
to that described by Gotte for Amphibians in which the blood- 
channels are simply lacunar spaces in the hepatic parenchyma. 

The changes of the median duct of the liver are of rather 
a passive nature. By stage O its anterior end has dilated into 
a distinct gall-bladder, whose duct receives in succession the 
hepatic ducts, and so forms the ductus choledochus. The ductus 
choledochus opens on the ventral side of the intestine immedi- 
ately in front of the commencement of the spiral valve. 

It may be noted that the liver and pancreas are correspond- 
ing ventral and dorsal appendages of the part of the alimentary 
tract immediately in front of its junction with the yolk-sack. 

The subnotochordal rod. 

The existence of this remarkable body in Vertebrata was 
first made known by Dr Gotte*, who not only demonstrated 
its existence, but also gave a correct account of its develop- 
ment. Its presence in Elasmobranchs and mode of deve- 
lopment were mentioned by myself in my preliminary ac- 
count of the development of these fishes', and it has been 
independently observed and described by Professor Semper'. 
No plausible suggestion as to its function has hitherto been 
made, and it is therefore a matter of some diflBculty to 
settle with what group of organs it ought to be treated. 
In the presence of this difficulty it seemed best to deal with 
it in this chapter, since it is unquestionably developed from 
the wall of the alimentary canal. 

At its full growth this body forms a rod underlying the 
notochord, and has nearly the same longitudinal extension as 

1 Archivfiir Micros. Anatomie^ Bd. v., and Entwicklungsgeschichte d, XJnhe, 
* Quarterly Journal of Microscopic Science^ Oct. 1874. 
' Stammverwandichaft d, Wirbelthiere u. Wirhellosen and Das Urogenital- 
system d, PUigiostomen, Arb, ZooL Zoot, InstittU, z, Wiirzhurg, Bd. 11. 



i 



228 SUBNOTOCHORDAL ROD. 

•this. It is iudicateJ in most of my sections by tho letter ar. 
We may distinguish two sections of it, the one situated in the 
head, the other in the trunk. The junction between the two 
occurs at the hind border of the visceral clefts. 

The section in the trunk is the first to develope. It arises 
during stage H in the manner illustrated in PL X. figs. 1 
and la. The wall of the alimentary canal becomes thickened 
(PI. X. fig. 1) along the median dorsal line, or else produced 
into a ridge into which there penetrates a narrow prolonga- 
tion of the lumen of the alimentary canal. In either case the 
cells at the extreme summit of the thickening become gradu- 
ally constricted off as a rod, which lies immediately dorsal 
to the alimentary tract, and ventral to the notochord. The 
shape of the rod varies in the different regions of the body, 
but it is always more or less elliptical in section. Owing 
to its small size and soft structure it is easily distorted in 
the process of preparing sections. 

In the hmdermost part of the body its mode of formation 
differs somewhat from that above described. In this part 
the aUmentary waU is very thick and undergoes no special 
growth prior to the formation of the subnotochordal rod ; 
on the contrary, a small linear portion of the wall becomes 
scooped out along the median dorsal line, and eventually sepa- 
rates from the remainder as the rod in question. In the 
trunk the splitting off of the rod takes place from before 
backwards, so that the anterior part of it is formed before 
the posterior. 

The section of the subnotochordal rod in the head would 
appear from my observations on Pristiurus to develope in the 
same way as in the trunk, and the splitting off from the 
throat proceeds from before backwards (PI. xiv. fig. 4a a?) . 

In Torpedo, this rod developes very much later in the 
head than in the trunk ; and indeed my conclusion that it 
developes in the head at all is only based on grounds of analogy, 
since in my oldest Torpedo embryo (just younger than K) 
there is no trace of it present. In a Torpedo embryo of 
stage I the subnotochordal rod of the trunk terminated 
anteriorly by uniting with the wall of the throat. The junction 
was effected by a narrow pedicle, so that the rod appeared 
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mushroom- shaped in section, the stalk representing the pedicle 
of attachment. 

On the formation of the dorsal aorta, the subnotochordal 
rod becomes separated from the wall of the gut and the 
aorta interposed between the two. 

The subnotochordal rod attains its fullest development 
during stage K. Anteriorly it terminates at a point well in 
front of the ear, though a little behind the end of the 
notochord ; posteriorly it extends very nearly to the extremity 
of the tail and is almost co-extensive with the postanal 
section of the alimentary tract, though it does not quite 
reach so far back as the caudal vesicle (PL xvn. fig. 66 x). In 
stage L it is still fairly large in the tail, though it has begun 
to atrophy anteriorly. We may therefore conclude that its 
atrophy, like its development, takes place from before back- 
wards. In the succeeding stages I have failed to find any trace 
of it, and conclude, as does Professor Semper, that it dis- 
appears completely. 

Gotte* is of opinion that the subnotochordal rod is converted 
into the dorsal lymphatic trunk, and regards it as the anterior 
continuation of the postanal gut, which he believes to be also 
converted into a lymphatic trunk. My observations afford no 
support to these views, and the fact already mentioned, that 
the subnotochordal rod is nearly co-extensive with the postanal 
section of the gut, renders it improbable that both these struc- 
tures are connected with the lymphatic system. 

^ Entwicklungsgeschichte d, Unke, p. 775. 



CHAPTER XI. 

The Vascular System and Vascular Glands. 

The present chapter deals with the early development of 
the heart, the development of the general circulatory system, 
especially the venous part of it, and the circulation of the 
yolk-sack. It also contains an account of two bodies which I 
shall call the suprarenal and interrenal bodies, which are 
generally described as vascular glands. 

The heart. 

The first trace of the heart becomes apparent during stage 
O, as a cavity between the splanchnic mesoblast and the wall 
of the gut immediately behind the region of the visceral clefts 
(PL X. fig. 4, ht). 

The body-cavity in the region of the heart is at first double, 
owing to the two divisions of it not having coalesced ; but even 
in the earliest condition of the heart the layers of splanchnic 
mesoblast of the two sides have united so as to form a 
complete wall below. The cavity of the heart is circumscribed 
by a more or less complete epithelioid (endothelial) layer of 
flattened cells, connected with the splanchnic wall of the heart 
by protoplasmic processes. The origin of this lining layer I 
could not certainly determine, but its connection with the 
splanchnic mesoblast suggests that it is probably a derivative 
of this\ In front the cavity of the heart is bounded by the 
approximation of the splanchnic mesoblast to the wall of the 
throat, and behind by the stalk connecting the alimentary canal 
with the yolk-sack. 

1 From observations on the development of the heart in the Fowl, I have 
been able to satisfy myself that the epithelioid lining of the heart is derived 
from the splanchnic mesoblast. When the cavity of the heart is being formed 
by the separation of the splanchnic mesoblast from the hypoblast, a layer of 
the former remains close to the hypoblast, but connected with the main mass of 
the splanchnic mesoblast by protoplasmic processes. A second layer next be- 
comes split from the splanchnic mesoblast, connected with the first layer by the 
above-mentioned protoplasmic processes. These two layers form the epithelioid 
lining of the heart ; between them is the cavity of the heart, which soon loses 
the protoplasmic trabeculoB which at first traverse it. 
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As development proceeds the ventral wall of the heart be- 
comes bent inwards on each side on a level with the wall of 
the gut (Plate X. fig. 4), and eventually becomes so folded 
in as to form for the heart a complete muscular wall of splanch- 
nic mesoblast. The growth inwards of the mesoblast to form 
the dorsal wall of the heart does not, as might be expected, 
begin in front and proceed backwards, but commences behind 
and is graduaUy carried forwards. 

From the above account it is clear that I have failed to 
find in Elasmobranchs any traces of two distinct cavities 
coalescing to form the heart, such as have been recently de- 
scribed in Mammals and Birds ; and this, as well as the other 
features of the formation of the heart in Elasmobranchs, are in 
very close accordance with the careful description given by 
Gotte* of the formation of the heart in Bombinator. The di- 
vergence which appears to be indicated in the formation of so 
important an organ as the heart between Pisces and Amphibians 
on the one hand, and Aves and Mammalia on the other, is cer- 
tainly startling, and demands a careful scrutiny. The most com- 
plete observations on the double formation of the heart in 
Mammalia have been made by Hensen, Gotte and Kolliker. 
These observations lead to the conclusion (1) that the heart 
arises as two independent splits between the splanchnic meso- 
blast and the hypoblast, each with an epithelioid (endothelial) 
lining. (2) That the heart is first formed at a period when (he 
folding in of the splanchnopleure to form the throat has not com- 
menced, and when therefore it would he impossible for it to be 
formed 05 a single tube. 

In Birds almost every investigator since von Baer has 
detected more or less clearly the coalescence of two halves to 
form the unpaired heart*. Most investigators have however 
believed that there was from the first an unpaired anterior 
section of the heart, and that only the posterior part was 
formed by the coalescence of two lateral halves. Professor 



1 Bischoff has recently stated, Historisch-kritische Bemerkungen ii. d, Ent- 
wickelung d, S'dugethiereier^ that GK)tte has found a double formation of the 
heart in Bombinator. It may seem bold to question the accuracy of Bischoff*s 
interpretation of writings in his own language, but I have certainly failed to 
gather this either from Dr Gotte's text or figures. 

* Vide Elements of Embryology , Foster and Balfour, pp. 64 — 66. 
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Darlstc His, and more recently EoUiker, have stated that 
there is no such unpaired anterior section of the heart. My 
own recent ohservations confirm their conclusions as to the 
double formation of the heart, though I find that the heart has 
from the first a A-shaped form. At the apex of the A the two 
limbs are only separated by a median partition and are not con- 
tinuous with the aortic arches, which do not arise till a later 
period*. In the Bird the heart arises just behind the com- 
pleted throat, and a double formation of the heart appears in fact 
in all instances to be mast distincUy correlated wiik the non-closure 
of the throaty a non-clasure which it must be noted would render 
it impossible for the heart to arise otherwise than as a double 
cavity. 

In the instances in which the heart arises as a double cavity 
it is formed before the complete closure of the throaty and in 
those in which it arises as a single cavity it is formed subse- 
quently to the complete formation of the throat. There is thus a 
double coincidence which renders the conclusion almost certain, 
ihat the formation of the heart cw two cavities is a secondary 
chaiuje which has been brought abotU by variations in the period 
of die closing in of the wall of the throat. 

If the closing in of the throat were deferred and yet the 
prinutivo time of formation of the heart retained, it is clear 
that such a condition as may be observed in Birds and Mammals 
must occur, and that the two halves of the heart must be 
formed widely apart, and only eventually united on the folding 
in of the wall of the throat. We may then safely conclude that 
the double formation of the heart has no morphological signifi- 
cance, and does not, as might at first sight be supposed, imply 
that the ancestral Vertebrate had two tubes in the place of 
the present unpaired heart. I have spoken of this point at 
considerable length, on account of the morphological importance 
which has been attached to the double formation of the heart. 
But the views above enunciated are not expressed for the first 
time. In the Elements of Embryology we say, p. 64, "The 

1 Professor Bischoff {loc. cit.) throws doubts upon the double formation 
of the heart, and supports his views by Dr Foster's and my failure to find any 
trace of a double formation of the heart in the chick. Professor Bischofif must 
I think have misunderstood our description, which contains a clear account of 
the double formation of the heart. 
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exact mode of development (of the heart) appears according to 
our present knowledge to be very different in different cases ; 
and it seems probable that the differences are in fact the result 
of variations in the mode of formation and time of closure 
of the alimentary canal." Gotte again in his great work* ap- 
pears to maintain similar views, though I do not perfectly 
understand all his statements. In my review of Kolliker's 
Embryology* this point is still more distinctly enunciated in 
the following passage: **The primitive wide separation and 
complete independence of the two halves of the heart is 
certainly surprising ; but we are inclined, provisionally at least, 
to regard it as a secondary condition due to the late period 
at which the closing of the throat takes place in Mammals." 



The general circulation. 

The chief points of interest in connection with the general 
circulation centre round the venous system. The arterial arches 
present no peculiarities : the dorsal aorta, as in all other Verte- 
brates, is at first double {PI. X. fig. 6 ao), and, generally speak- 
ing, the arrangement of the arteries accords with what is already 
known in other forms. The evolution of the venous system 
deserves more attention. 

The cardinal veins are comparatively late developments. 
There is at first one single primitive vein continuous in front 
with the heart and underlying the alimentary canal through its 
prs^anal and postanal sections. This vein is shewn in section in 
PL V. fig. 8, V. It may be called either the subintestinal or 
splanchnic vein. At the cloaca, where the gut enlarges and 
comes in contact with the skin, this vein is compelled to bifur- 
cate (PL XVII. fig. 6 d v. cau)y and usually the two branches into 
which it divides are unequal in size. The two branches meet 
again behind the cloaca and take their course ventral to the 
postanal section of the gut and terminate close to the end of 
the tail, PL xvii. fig. 6 c. v. cau. In the tail they form what is 
usually known as the caudal vein. The venous system of 

1 Entwicklungxgeschichte cL Unke, p. 779, 780, 781. 
" Journal of Anatomy and Physiology ^ Vol. x. p. 794. 
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SciyOiiim or Pristiurus, during the early parts of stage K, pre- 
MBtotbe simple coostitutiou just (]escril>ed. 

'Be&ne proceediog to describe the subsequent changes wlaich 
tiks place in it, it appears to me worth pointing out the tg- 
SMriuUe resemblaDce which the vascular system of an Elas- 
awbindk presents at this stage to that of an ordinary Annelid 
•ad Aaqiliioxus. It consists, as does the circulatory system, in 
ABMUd^ of a neural vessel (the aorta) and an intestinal vessel, 
tba blood Qowing backwards in the latter and forwards in the 
fonntr. The two in Elasmobranchs communicate posteriorly by 
• O^aUizy system, and in &ont by the arterial arches, connected 
Uke tlie limilar vessels in Annelids witli the branchiae. Striking 
M U thil resemblance, there is a still closer resemblance between 
Qta ciroolation of the Scyllium embryo at stage K and that of 
Amphiozus. The two systems are in fact identical except in 
yerj Bmall details. The subintestinal vessel, absent or only 
represented by the caudal vein and in part by the ductus 
venoBOS in higher Vertebrates and adult Fish, forms the main 
and oolj posterior venous trunk of Amphioxus and the embryo 
S^yHinm. The only uotewortliy point of difference between 
Ampbioxas and the embryo Sc^lliom it the presence ci a portal 
circulation in the former, absent at this stage in the latter ; bat 
even this is acquired in Scyllium before the close of stage K, 
and does not therefore represent a real difference between the 
two types. 

The cardinal veins make their appearance bdbre the close 
of stage K, and very soon unite behind with the unpaired 
section of the caudal vein (PL xl fig. Q b, p. cav. and v.). On 
this junction being effected retrogressive changes take place in 
the original subintestinal vesseL It breaks up in front into a 
number of smaller vessels ; the lesser of the two branches con- 
necting it round the cloaca with the caudal vein 6rst vanishes 
(PL XI. fig. 9a,v), and then the larger; and the two cardinals 
are left as the sole forward continuations of the caudal vein. 
This latter then becomes prolonged forwards, and the two 
posterior cardinals open into it some little distance in &ont of 
the hind end of the kidneys. By these changes and by the 
disappearance of the postanal section of the gut the caudal 
vein is made to appear as a superintestinal and not a sab- 
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intestinal vessel, and as the direct posterior continuation of the 
cardinal veins. Embryology proves however that the caudal 
vein is a true subintestinal vessel*, and that its connection with 
the cardinals is entirely secondary. 

The invariably late appearance of the cardinal veins in 
the embryo and their absence in Amphioxus leads me to 
regard them as additions to the circulatory system which 
appeared in the Vertebrata themselves, and were not inherited 
from their ancestors. It would no doubt be easy to point to 
vessels in existing Annelids which might be regarded as their 
equivalent, but to do so would be in my opinion to follow 
an entirely false morphological scent. 

The circulation of the yoll>sach 

The observations recorded on this subject are so far as 1 
am acquainted with them very imperfect, and in most cases 
the arteries and veins appear to have been transposed. 

Professor Wyman', however, gives a short description of 
the circulation in Eaja Batis, in which he rightly identifies 
the arteries, though he regards the arterial ring which surrounds 
the vascular area as equivalent to the venous sinus terminalis 
of the Bird. 

The general features of the circulation are clearly portrayed 
in the somewhat diagrammatic figures on Plate viii., in which 
the arteries are represented red, and the veins blue*. 

I shall follow the figures on this plate in my descriptions. 

Fig. 1 represents my earliest stage of the circulation of the 
yolk-sack. At this stage there is visible a single aortic trunk 
passing forwards from the embryo and dividing into two 
branches.' No venous trunk could be detected with the simple 
microscope, but probably venous channels were present in the 
thickened edge of the blastoderm. 

I The morphological importance of this point is considerable. It proves, 
for instance, that the haemal arches of the vertebrsB in the tail (vide pp. 
162 and 163) potentiaUy, at any rate, encircle the gut and enclose the body- 
cavity as completely as ribs which meet in the median ventral line may be 
said io do anteriorly. 

* Memoir 9 of the American Academy of Arts and Sciences, Vol. ix. 

' I may state that my determinations of the arrangement of the circulation 
vrere made by actual observation of the flow of the blood under the microscope. 

16—2 
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In fig. 2 the circulation was greatly advanced*. The 
blastoderm has now nearly completely enveloped the yolk, 
and there remains only a small circular space {yh) not en- 
closed by it. The arterial trunk is present as before, and 
divides in front of the embryo into two branches which turn 
backwards and nearly form a complete ring round the embryo. 
In general appearance it resembles the sinus terminalis of 
the area vasculosa of the Bird, but in reality bears quite a 
different relation to the circulation. It gives off branches only 
on its inner side. 

A venous system of returning vessels is now fully de- 
veloped, and its relations are very remarkable. There is a 
main venous ring round the thickened edge of the blastoderm, 
which is connected with the embryo by a single stem which 
runs along the seam where the edges of the blastoderm have 
coalesced. Since the venous trunks are only developed behind 
the embryo, it is only the posterior part of the arterial ring 
which gives off branches. 

The succeeding stage, fig. 3, is also one of considerable 
interest. The arterial ring has greatly extended, and now 
embraces nearly half the yolk, and sends off trunks on its 
inner side along its whole circumference. 

More important changes have taken place in the venous 
system. The blastoderm has now completely enveloped the 
yolk, and as a result of this, the venous ring no longer exists, 
but at the point where it vanished there may be observed a 
number of smaller veins diverging in a brush-like fashion from 
the termination of the unpaired trunk which originally con- 
nected the venous ring with the heart. This point is indicated 
in the figure by the letter y. The brush-like divergence of the 
veins is a still more marked feature in a blastoderm of a suc- 
ceeding stage (fig. 4). 

The circulation in the succeeding stage (fig. 4) (projected 
in my figure) only differs in details from that of the previous 
stage. The arterial ring has become much larger, and the 
portion of the yolk not embraced {x) by it is quite small. 

1 My figure may be compared with that of Leydig, Rochen und Haie, Plate 
XII. fig. 6. Leydig calls the arterial ring the sinus terminaUs and appears to 
regard it as venous, but his description is so short that this point is not quite 
clear. 
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Instead of all the branches from the ring being of nearly 
equal size, two of them are especially developed. The venous 
system has undergone no important changes. 

In fig. 5 the circulation is represented at a still later stage. 
The arterial ring has come to embrace the whole yolk, and as 
a result of this, has in its turn vanished as did the venous ring 
before it. At this stage of the circulation there is present, a 
single arterial and a single venous trunk. The arterial trunk is 
a branch of the dorsal aorta, and the venous trunk originally 
falls into the heart together with the subintestinal or splanch- 
nic vein, but on the formation of the liver enters this and 
breaks up into capillaries in it. The venous trunk leaves the 
body on the right side, and the arterial on the left. 

The most interesting point to be noticed in connection 
with the yolk-sack circulation of Scyllium is the fact of its 
being formed on a completely diflferent type to that of the 
Amniotic Vertebrates* 

The Vascular Glands. 

There are in Scyllium two structures which have gone 
under the name of the suprarenal body. The one of these 
is an unpaired rod-like body lying between the dorsal aorta 
and the caudal vein in the region of the posterior end of the 
kidneys. This body I propose to call the interrenal body. The 
other is formed by a series of paired bodies situated dorsal to 
the cardinal veins on branches of the aorta, and arranged 
segmentally. These bodies I shall call the suprarenal bodies. 
I propose treating the literature of these bodies together, since 
they have usually been dealt with in this way, and indeed re- 
garded as parts of the same system. As I hope to shew in 
the sequel, the origin of these bodies is very different. The 
interrenal body appears to be developed from the mesoblast; 
while my researches on the suprarenal bodies confirm the 
brilliant investigations of Leydig, shewing that they are formed 
out of the sympathetic ganglia. 

The most important investigations on these bodies have 
been made by Leydig\ In his first researches, Rochen u, Haie, 

^ Rochen und Haie and Untersuchung, ii, Fische u. Reptilien, 
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pp. 71, 72, he gives an account of the position and histology 
of what is probably my interrenal body*. 

The position and relations of the interrenal body vary some- 
what according to Leydig in diflferent cases. He makes the fol- 
lowing statement about its histology. " Fat molecules form the 
chief mass of the body, which causes its white, or ochre-yellow 
colour, and one finds freely embedded in them clear vesicular 
nuclei.'' He then proceeds to state that this structure is totally 
dissimilar to that of the Mammalian suprarenal body, and gives 
it as his opinion that it is not the same body as this. In his 
later researches' he abandons this opinion, and adopts the 
view that the interrenal body is part of the same system as 
the suprarenal bodies to be subsequently spoken of. Leydig 
describes the suprarenal bodies as paired bodies segmentally 
arranged along the ventral side of the spinal column situated 
on the successive arteriss axillares, and in close connection 
with one or more sympathetic ganglia. He finds them formed 
of lobes, consisting of closed vesicles full of nuclei and cells. 
Numerous nerve-fibres are also described as present. With 
reference to the real meaning of these bodies he expresses a 
distinct view. He says^ " As the pituitary body is an integral 
part of the brain, so are the suprarenal bodies part of the 
sympathetic system." He re-affirms with still greater emphasis 
the same view in his Fische u, Reptilien. Though these views 
have not obtained much acceptance, and the accuracy .of the 
histological data on which they are grounded has been ques- 
tioned, yet I hope to shew in the sequel not only that Leydig's 
statements are in the main true, but that development proves 
his conclusions to have been well founded. 

Stannius alludes* to both these bodies, and though he does 

1 I do not feel sure that Leydig's unpaired suprarenal body is really my 
interrenal body, or at any rate it alone. The point could no doubt easily be 
settled with fresh specimens, but these I unfortunately cannot at present obtain. 
My doubts rest partly on the fact that, in addition to my interrenal body, other 
peculiar masses of tissue (which may be called lymphoid in lieu of a better 
name) are certainly present around some of the larger vessels of the kidneys 
which are not identical in structure and development with my interrenal body, 
and partly that Stannius' statements (to be alluded to directly) rather indicate 
the existence of a second unpaired body in connection with the kidneys, 
though I do not fully understand his descriptions. 

2 Fische u. Re/ptiUen^ p. 14. 

3 Rochen u. Ilaie, p. 18. 

* Vergleichende Anatomiey ii. Auflage. 
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not contribute much to Leydig's previous statements, yet he 
accepts Leydigs position with reference to the relation of the 
sympathetic and suprarenal bodies^. 

The general text-books of Histology, Kolliker's work, and 
Eberth's article in Strieker's Histology^ do not give much in- 
formation on this subject ; but Eberth, without apparently 
having examined the pointy questions the accuracy of Leydig's 
statements with reference to the anatomical relations of the 
sympathetic ganglia and suprarenal bodies. 

The last author who has dealt with this subject is Professor 
Semper'. He records observations both on the anatomy and 
development of these organs. His anatomical observations are 
in the main confirmatory of those of Leydig, but he shews still 
more clearly than did Leydig the segmental arrangement of 
the suprarenal bodies. He definitely regards the interrenal 
and suprarenal bodies as parts of the same system, and states 
that in many forms they are continuous (p. 228) : 

"Hier freilich gehen sie bei manchen Formen...in einen 
Korper ueber, welcher zwischen den Enden d. beiden Nieren 
liegend dicht an der einfachen Caudalvene sitzt." 

With reference to their development he says : " They arise 
then also completely independently of the kidneys, as isolated 
segmentally arranged groups of mesoderm cells between the 
convolutions of the segmental organs ; onfy anteriorly do they 
stretch beyond them, and extend quite up to the pericardium." 

To Semper's statements I shall return, but now pass on to 
my own observations. The paired suprarenal bodies are dealt 
with first. 

The suprarenal bodies. 

My observations on these bodies in the adult Scyllium have 
only been made with specimens hardened in chromic acid, and 
there are many points which deserve a fuller investigation than 
I have been able to give them. 

^ Staxmins' description is not quite intelligible, but appears to point to the 
existence of a third kind of body connected with the kidney. From my own 
observations (vide above), I am inclined to regard it as probable that such 
a third body exists. 

* Urogenitalsystem d. Plagiostomm. Arb. Zool. ZooU InsU z. Wurzhurg^ 
Vol. II. 
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The general position and relations of the suprarenal bodies 
have been fully given by Leydig and Semper, and I have 
nothing to add to their statements. They are situated on 
branches of the aorta, segmentally arranged, and extend on each 
side of the vertebral column from close behind the heart to the 
posterior part of the body-cavity. The anterior pair are the 
largest, and are formed apparently from the fusion of two 
bodies\ When these bodies are examined microscopically, their 
connection with the sympathetic ganglia becomes at once ob- 
vious. Bound up in the same sheath as the anterior one is an 
especially large ganglion already alluded to by Leydig, and 
sympathetic ganglia are more or less distinctly developed in 
connection with all the others. There is however considerable 
irregularity in the development and general arrangement of 
the sympathetic ganglia, which are broken up into a number of 
small ganglionic swelUngs, on some of which an occasional extra 
suprarenal body is at times developed. As a rule it may be 
stated that there is a much smaller ganglionic development in 
connection with the posterior suprarenal bodies than with the 
anterior. 

The different suprarenal bodies exhibit variations in struc- 
ture mainly dependent on the ganglion cells and nerves in 
them, and their typical structure is best exhibited in a posterior 
one, in which there is a comparatively small development of 
nervous elements. 

A portion of a section through one of these is represented on 
PI. XVIII. fig. 6, and presents the following features. Externally 
there is present a fibrous capsule, which sends in the septa, im- 
perfectly dividing up the body into a series of alveoli or lobes. 
Penetrating and following the septa there is a rich capillary 
network. The parenchyma of the body itself exhibits a well- 
marked distinction in the majority of instances into a cortical 
and medullary substance. The cortical substance is formed of 
rather irregular columnar cells, for the most part one row deep, 
arranged round the periphery of the body. Its cells measure 
on about an average '03 Mm. in their longest diameter. The 
medullary substance is more or less distinctly divided into 

^ There is a very good figure of them in Semper's paper, PL xxi. fig. 3. 
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alveoli, and is formed of irregularly polygonal cells ; and though 
it is difficult to give an estimate of their size on account of 
their irregularity, '021 Mm. may be taken as probably about 
the diameter of an average cell. The character of the cortical 
and medullary cells is nearly the same, and the cells of the two 
strata appear rather to differ in shape than in any other essen- 
tial point. The protoplasm of both has a markedly yellow 
tinge, giving to the suprarenal bodies a yellowish brown colour. 
The nuclei are small compared to the size of the cells, being 
about '009 Mm. in both cortical and medullary cells. In the 
anterior suprarenal body there is a less marked distinction 
between the cortical and the medullary layers, and a less pro- 
nounced yellow coloration of the whole, than in the posterior 
bodies. The suprarenal bodies are often partially or completely 
surrounded by a lymphoid tissue, which is alluded to in the 
account of their development. 

The most interesting features of my sections of the anterior 
bodies are the relations they bring to light between the sympa- 
thetic ganglia and the suprarenal bodies. In the case of one of 
the posterior suprarenal bodies, a small ganglion is generally 
found attached to both ends of the body, and invested in the 
same sheath ; in addition to this a certain number of ganglion 
cells (very conspicuous by their size and other characters) are 
to be found scattered through the body. In the anterior supra- 
renal bodies the development of ganglion cells is very much 
greater. If a section is taken through the region where the 
large sympathetic ganglion (already mentioned) is attached to 
the body, one half of the section is composed mainly of sympa- 
thetic ganglion cells and nerve fibres, and the other of supra- 
renal tissue, but the former spread in considerable numbers into 
the latter. A transverse section through the suprarenal body in 
front of, or behind this point, is still more instructive. One 
of these is representiOd in PL XVIII. fig. 7. The suprarenal tissue 
is not inserted, but fills up the whole space within the outline 
of the body. At one point a nerve (?i) is seen to enter. In 
connection with this are a number of ganglion cells, the exact 
distribution of which has been reproduced. They are scattered 
irregularly throughout the suprarenal body, but are more con- 
centrated at the smaller than at the large end. It is this small 
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end which, in succeeding sections, is entirely replaced by a sym« 
pathetic ganglion. Wayy fibres (which I take to be nervous) are 
distributed through the suprarenal body in a manner which, 
roughly speaking, is proportional to the number of ganglion 
cells. At the laige end of the body, where there are few nerve 
cells, the typical suprarenal structure is more or less retained. 
Where the nerve fibres are more numerous at the small end 
of the section, they give to the tissue a somewhat peculiar 
appearance, though the individual suprarenal ceUs retain their 
normal structure. In a section of this kind the ganglion and 
nerves are clearly so intimately united with the suprarenal 
body as not to be separable from it. 

The question naturally arises as to whether there are cells 
of an intermediate character between the ganglion ceUs and 
the cells of the suprarenal body. I have not clearly detected 
any such, but my observations are of too limited a character to 
settle the point in an adverse sense. 

The embryological part of my researches on these bodies 
is in reality an investigation of later development of the 
sympathetic ganglia. The earliest stages in the development 
of these have already been given\ and I take them up here 
as they appear during stage L, and shall confine my descrip- 
tion to the changes they undergo in the anterior part of the 
trunk. They form during stage L irregular masses of cells with 
very conspicuous branches connecting them with the spinal 
nerves (PL xvii. fig. 3). There may be noticed at intervals 
solid rods of cells passing from the bodies to the aorta, PI. XVII. 
fig. 2. These rods are the rudiments of the aortic branches to 
which the suprarenal bodies are eventually attached. 

In a stage between M and N the trunks connecting these 
bodies with the spinal nerves are much smaller and less easy to 
see than during stage L. In some cases moreover the nerves 
appear to attach themselves more definitely to a central and 
inner part of the ganglia than to the whole of them. This is 
shewn in PL xvin. fig. 8, and I regard it as the first trace of 
a division of the primitive ganglia into a suprarenal part and a 
ganglionic part. The branches from the aorta have now a 

1 Anteaj pp. 438, 439. 
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definite lumen, and take a course through the centre of these 
bodies, as do the aortic branches in the adult. 

By stage O these bodies have acquired a distinct mesoblastic 
investment, which penetrates into their interior, and divides it, 
especially in the case of the anterior bodies, into a number of 
distinct alveolL These alveoli are &r more distinct in some 
parts of the bodies than in others. The nerve-trunks uniting 
the bodies with the spinal nerves sure (at least in specimens 
hardened in picric and chromic acids) very difficult to see, and 
I have failed to detect that they are connected with special 
parts of the bodies, or that the separate alveoli differ much as 
to the nature of their constituent cells. The aortic branches to 
the bodies are larger than in the previous stage, and the bodies 
themselves fairly vascular. 

By stage Q (PL xvm. fig. 9) two distinct varieties of cells 
are present in these bodies. One of these is large, angular, and 
strikingly resembles the ganglion cells of the spinal nerves at 
the same period. This variety is found in separate lobules or 
alveoli on the inner border of the bodies. I take them to be 
true ganglion cells, though I have not seen them in my sections 
especially connected with the nerves. The cells of the second 
variety are also aggregated in special lobules, and are very 
markedly smaller than the ganglionic cells. They form, I 
imagine, the cells of the true suprarenal tissue. At this and 
the earlier stage lymphoid tissue, like that surrounding the 
suprarenal bodies in the adult, is found adjacent to these 
bodies. 

Stage Q forms my last embryonic stage, and it may perhaps 
be asked on what grounds I regard these bodies as suprarenal 
bodies at all and not as simple sympathetic ganglia. 

My determination mainly rests on three grounds : (1) That 
a branch from the aorta penetrates these bodies and maintains 
exactly the same relations to them that the same branches of 
the aorta do in the adult to the true suprarenal bodies. (2) That 
the bodies are highly vascular. (3) That in my last stage they 
become divided into a ganglionic and a non-ganglionic part, 
with the same relations as the ganglia and suprarenal tissue in 
the adult. These grounds appear to me to afford ample justifica- 
tion for my determinations, and the evidence adduced above 
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appears to me to render it almost certain that the suprarenal 
tissue is a product of the primitive ganglion and not introduced 
from the mesoblast without, though it is not to be denied that 
a more complete investigation of this point than it has been 
possible for me to make would be very desirable. 

Professor Semper states that he only made a very slight 
embryological investigation of these bodies, and probably has 
only carefully studied their later stages. He has accordingly 
overlooked the branches connecting them with the spinal nerves, 
and has not therefore detected the fact that they develope as 
parts of the sympathetic nervous system. I feel sure that if he 
re-examines his sections of younger embryos he will not fail to 
discover the nerve-branches described by me. His descriptions 
apart from this point accord fairly well with my own. The 
credit of the discovery that these bodies are really derivatives 
of the sympathetic neiTOUs system is entirely Leydig's : my 
observations do no more than confirm his remarkable obser- 
vations and well-founded conclusions. 

Interrenal body. 

My investigations on the interrenal body in the adult are 
even less complete than those on the suprarenal bodies. I find 
the body forming a small rod elliptical in section in the poste- 
rior region of the kidney between the dorsal aorta and unpaired 
caudal vein. Some little distance behind its front end (and 
probably not at its thickest point) it measured in one example, 
of which I have sections, a little less than a millimetre in its 
longest diameter. Anteriorly it overlaps the suprarenal bodies, 
and I failed to find any connection between them and it. On 
this point my observations do not accord with those of Professor 
Semper. I have however only been able to examine hardened 
specimens. 

It is, vide PI. xvii. fig. 8, invested by a fairly thick tunica 
propria, which sends in septa, dividing it into rather well- 
marked lobules or alveoli. These are filled with polygonal 
cells, which form the true parenchyma of the body. These cells 
are in my hardened specimens not conspicuous by the number 
of oil-globules they contain, as might have been expected from 
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Leydig s description \ They are rather granular in appearance, 
and are mainly peculiar from the somewhat large size of the 
nucleus. The diameter of an average cell is about '015 Mm., 
and that of the nucleus about *01 to '012. The nuclei are 
remarkably granular. The septa of the body are provided with 
a fairly rich capillary network. 

At the first glance there is some resemblance in struc- 
ture between the tissues of the suprarenal and interrenal 
bodies, but on a closer inspection this resemblance resolves 
itself into both bodies being divided up into lobules by 
connective-tissue septa. There is in the interrenal body no 
distinction between cortical and medullary layers as in the 
suprarenal The cells of the two bodies have very diflferent 
characters, as is demonstrated by a comparison of the rela- 
tive diameters of the nuclei and the cells. The cells of the 
suprarenal bodies are considerably larger than, those of the 
interrenal ('021 to '03 as compared to 'OlS), yet the nuclei 
of the larger cells of the former body do not equal in size 
those of the smaller cells of the latter ('009 as compared to 
•01). 

My observations both on the coarser anatomy and on the 
histology of the interrenal body in the adult point to its 
being in no way connected with the suprarenal bodies, 
and are thus in accordance with the earlier and not the 
later views of Leydig. 

The embryology of this body (under the title of suprarenal 
body) was first described in my preliminary account of the 
development of the Elasmobranch Fishes', A short account 
of its embryonic structure was given, and I stated that although 
I had not fully proved the point, yet I believed it to be 
derived from the wall of the alimentary canal As will be 
shewn in the sequel this belief was ill-founded, and the organ 
in question is derived from the mesoblast. Allusion has also 
been made to it by Professor Semper, who figures it at an 
early stage of development, and implies that it arises in the 



^ Perhaps the body I am desoribing is not identical with L&ydig*s posterior 
suprarenal body, I do not, as mentioned above, feel satisfied that it is so from 
Leydig's description. 

' Quarterly Journal of Microscopic Science^ October, 1874. 
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mesoblast and in connection with the suprarenal body. It 
appears at stage K as a rod-like aggregate of mesoblast cells, 
rather more closely packed than their neighbours, between the 
two kidneys near their hinder ends (Plate XL fig. 9a, su). The 
posterior and best marked part of it does not extend further 
forwards than the front end of the large intestine, and 
reaches backwards nearly as far as the hinder end of the 
kidneys. This part of the body lies between the caudal vein 
and dorsal aorta. 

At about the point where the unpaired caudal vein 
divides into the two cardinals, the interrenal body becomes 
less well marked off from the surrounding tissue, though it 
may be traced forward from a considerable distance in the 
region of the small intestine. It retains up to stage Q its 
original extension, but the anterior part becomes quite de- 
finite though still of a smaller calibre than the posterior. 
In one of my examples of stage O the two divisions were 
separated by a small interval, and not as in other cases 
continuous. I have not determined whether this was an 
accidental peculiarity or a general feature. I have never 
seen any signs of the interrenal body becoming continuous 
with the suprarenal bodies, though, as in the adult, the two 
bodies overlap for a considerable distance. 

The histology of the interrenal body in the embryonic periods 
is very simple. At first it is formed of cells differing from those 
around in being more circular and more closely packed. By 
stage L its cells have acquired a character of their own. They 
are still spherical or oval, but have more protoplasm than 
before, and their nucleus becomes very granular. At. the same 
time the whole body becomes invested by a tunic of spindle- 
shaped mesoblast cells. By stage O it begins to be divided 
into a number of separate areas or lobes by septa formed 
of nucleated fibres. These become more distinct in the suc- 
ceeding stages up to Q (Pi. xvii. fig. 7), and in them a 
fair number of capillaries are formed. 

From the above description it is clear that embryology 
lends no more countenance than does anatomy to the view 
that the interrenal bodies belong to the same system as the 
suprarenal, and it becomes a question with which (if of either) 
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of these two bodies the suprarenal bodies of the higher Verte- 
brata are homologous. This question I shall not attempt to 
answer in a definite way. My own decided belief is that the 
suprarenal bodies of Scyllium are homologous with the supra- 
renal bodies of Mammalia, and a good many points both in 
their structure and position might be urged in favour of this 
view. In the mean time, however, it appears to me better to 
wait before expressing a definite opinion till the embryonic 
development of the suprarenal bodies has been worked out in 
the higher Vertebrata. 



CHAPTER XII. 
The Organs of Excretion. 

The earliest stages in the development of the excretory 
system have already been described in a previous chapter * of 
this memoir, and up to the present time no investigator, with the 
exception of Dr Alex. Schultz", has gone over the same ground. 
Dr Schultz* descriptions are somewhat brief, but diflfer from my 
own mainly in stating that the segmental duct arises from an 
involution instead of as a solid knob. This discrepancy is, 
I believe, due to Dr Schultz drawing his conclusions as to the 
development of the segmental duct from its appearance at a 
comparatively late stage. He appears to have been unacquainted 
with my earlier descriptions. 

The adult anatomy and later stages in the development 
of the excretory organs form the subject of the present chapter, 
and stand in marked contrast to the earlier stages in that they 
have been dealt with in a magnificent monograph ' by Professor 
Semper, whose investigations have converted this previously 
almost unknown field of vertebrate embryology into one of the 
most fully explored parts of the whole subject. Reference is 
frequently made to this monograph in the succeeding pages, but 
my references, numerous as they are, give no adequate idea of 
the completeness and thoroughness of Professor Semper's inves- 
tigations. In Professor Semper's monograph are embodied the 
results of a considerable number of preliminary papers published 
by him in his Arbeiten and in the CentralblaU. The excretory 
organs of Elasmobranchs have also formed the subject of some 



1 Chapter vi. p. 127, et seq, 

' Archiv /. Micr, Anat, Bd. xi. 

' Urogenital System d. Plagiostomen, Semper, Arbeiten, Vol. xz. 

B. 
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investigations by Dr Meyer* and by myself". Their older 
literature is fully given by Professor Semper. In addition to 
the above-cited works, there is one other paper by Dr Spengel ■ 
on the TJrinogenital System of Amphibians, to which reference 
will frequently be made in the sequel, and which, though only 
indirectly connected with the subject of this chapter, deserves 
special mention both on account of the accuracy of the investi- 
gations of which it forms the record, and of the novel light 
which it throws on many of the problems of the constitution 
of the urinogenital system of Vertebrates. 

Excretory organs and genital duds in the adult. 

The kidneys of Scyllium canicula are paired bodies in con- 
tact along the median line. They are situated on the dorsal wall 
of the abdominal cavity, and extend from close to the diaphragm 
to a point a short way behind the anus. Externally, each appears 
as a single gland, but by the arrangement of its ducts may be 
divided into two distinct parts, an anterior and a posterior. 
The former will be spoken of as the Wolffian body, and the 
latter as the kidney, from their respective homology with the 
glands so named in higher Vertebrates. The grounds for these 
determinations have already been fully dealt with both by 
Semper* and by myself. 

Externally both the Wolffian body and the kidney are more 
or less clearly divided into segments, and though the breadth of 
both glands as viewed from the ventral surface is fairly uni- 
form, yet the hinder part of the kidney is very much thicker 
and bulkier than the anterior part and than the whole of 
the Wolffian body. In both sexes the Wolffian body is rather 
longer than the kidney proper. Thus in a male example, 
33 centimetres long, the two glands together measured 8J cen- 
timetres and the kidney proper only 3 J. In the male the 

1 Sitzunrfsherichte d. Naturfor. Ges. Leipzig, 1875. No. 2. 

' Preliminary account of the development of Elasmobranch Fishes, Quarterly 
Journal of Microscopical Science, 1874. Origin and History of the Urinogenital 
organs of Vertebrates, Journal of Anat. and Physiol. Vol. x. 

^ Arbeiten, Semper, Vol. in. 

* Though Professor Semper has come to the same conclusions as myself with 
respect to these homologies, yet he calls the Wolffian body Leydig's gland alter 
its distinguished discoverer and its duct Leydig's duct. 
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WolflSan bodies extend somewhat further forwards than in the 
female. Leaving the finer details of the glands for subsequent 
treatment, I pass at once to their ducts. These differ slightly 
in the two sexes, so that it will be more convenient to take 
the male and female separately. 

A partly diagrammatic representation of the kidney and 
Wolffian body of the male is given on PL XIX. fig. 1. The secre- 
tion of the Wolffian body is carried off by a duct, the Wolffian 
diu>t (w,d,), which lies on the ventral surface of the gland, 
and receives a separate ductule from each segment (PI. XIX* 
fig. 5). The main function of the Wolffian duct in the male is, 
however, that of a vas deferens. The testicular products are 
brought to it through the coils of the anterior segments of 
the Wolffian body by a number of vasa efferentia, the ar- 
rangement of which is treated of on pp. 257, 258. The section 
of the Wolffian duct which overlies the Wolffian body is much 
contorted, and in adult individuals at the generative period enor- 
mously so. The duct often presents one or two contortions 
beyond the hind end of the Wolffian body, but in the normal 
condition takes a straight course from this point to the unpaired 
urinogenital cloaca, into which it falls independently of its 
fellow of the opposite side. It receives no feeders from the 
kidney proper. 

The excretion of the kidney proper is carried off not by a 
single duct, but by a series of more or less independent ducts, 
which, in accordance with Prof. Semper's nomenclature, will be 
spoken of as v/retera. These are very minute, and their inves- 
tigation requires some care. I have reason, from my examina- 
tions of this and other species of Elasmobranchs, to believe that 
they are, moreover, subject to considerable variations, and the 
following description applies to a definite individual. Nine or 
possibly ten distinct ureters, whose arrangement is diagram- 
matically represented in fig. 1, PL xix., were present on each side. 
It will be noticed that, whereas the five hindermost are 
distinct till close to their openings into the urinogenital cloaca, 
the four anterior ones appear to unite at once into a single 
duct, but are probably only bound up in a common sheath. 
The ureters fall into the common urinogenital cloaca, imme- 
diately behind the opening of the Wolffian duct (so far as could 

17—2 
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be determined), by four apertures on each side. In a section 
made through the part of the wall of the cloaca containing the 
openings of the ureters of both sides, there were present on the 
left side (where the section passed nearer to the surface than 
on the right) four small openings posteriorly, viz. the openings 
of the ureters and one larger one anteriorly, viz. the opening of 
the Wolffian duct. On the other side of the section where the 
level was rather deeper, there were five distinct ducts cut 
through, one of which was almost on the point of dividing 
into two. This second section proves that, in this instance at 
least, the two ureters did not unite till just before opening into 
the urinogenital cloaca. The same section also appeared to 
shew that one of the ureters fell not into the cloaca but into 
the Wolffian duct. 

As stated above both the Wolffian duct and the ureters fall 
into an unpaired urinogenital cloaca. This cloaca communicates 
at one end with the general cloaca by a single aperture situated 
at the point of a somewhat conspicuous papilla, just behind the 
anus (PL xix. fig. 1, o), and on the other it opens freely into 
a pair of bladders, situated in close contact with each other, 
on the ventral side of the kidney (PL xix. fig. 1, sh). To these 
bladders Professor Semper has given the name uterus mascu- 
linus, from having supposed them to correspond with the lower 
part of the oviducts of the female. This homology he 
now admits to be erroneous, and it will accordingly be better 
to drop the name uterus masculinus, for which may be substi- 
tuted seminal bladder — a name which suits their function, since 
they are usually filled with semen at the generation season. 
The seminal bladders communicate with the urinogenital cloaca 
by wide openings, and it is on the borders of these openings that 
the mouths of the Wolffian duct and ureters must be looked 
for. My embryological investigations, though they have not 
been specially directed to this point, seem to shew that the 
seminal bladders do not arise during embryonic life, and are still 
absent in very young individuals. It seems probable that both 
the bladders and the urinogenital cloaca are products of the 
lower extremities of the Wolffian duct. The only other duct 
requiring any notice in the male is the rudimentary oviduct. 
As was first shown by Semper, rudiments of the upper ex- 
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tremities of the oviducts, with their abdominal openings, are to 
be found in the male in the same position as in the female, on 
the front surface of the liver. 

In the female the same ducts are present as in the male, 
viz. the Wolffian duct and the ureters. The part of the 
Wolffian duct which receives the secretion of the Wolffian 
body is not contorted, but is otherwise similar to the homo- 
logous part of the Wolffian duct in the male. The Wolffian 
ducts of the two sides fall independently into an unpaired uri- 
nal cloaca, but their lower ends, instead of remaining simple 
as in the male, become dilated into urinary bladders. Vide 
PL XIX. fig. 2. There were nine ureters in the example dis- 
sected, whose arrangement did not dififer greatly from that 
in the male — ^the hinder ones remaining distinct from each 
other, but a certain amount of fusion, the extent of which 
could not be quite certainly ascertained, taking place be- 
tween the anterior ones. The arrangement of the openings 
of these ducts is not quite the same as in the male. A some- 
what magnified representation of it is given in PI. xix. fig. 3, 
(Ku, The two Wolffian ducts meet at so acute an angle that 
their hindermost extremities are only separated by a septum. 
In the region of this septum on the inner walls of the two 
Wolffian ducts were situated the openings of the ureters, of 
which there were five on each side arranged linearly. In a 
second example, also adult, I found four distinct openings on 
each side similarly arranged to those in the specimen described. 
Professor Semper states that all the ureters in the female unite 
into a single duct before opening into the Wolffian duct It 
will certainly surprise me to find such great variations in 
different individuals of this species as is implied by the dis« 
crepancy between Professor Semper's description and my own. 

The main difference between the ureters in the male and 
female consists in their falling into the urinogenital cloaca in 
the former and into the Wolffian duct in the latter. Since, 
however, the urinogenital cloaca is a derivative of the Wolffian 
duct, this difference between the two sexes is not a very im- 
portant one. The urinary cloaca opens, in the female, into the 
general cloaca by a median papilla of somewhat smaller di- 
mensioQS than the corresponding papilla in the male. Seminal 
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bladders are absent in the female, though possibly represented 
by the bladder-like dilatations of the Wolffian duct. The 
oviducts, whose anatomy is too well known to need description, 
open independently into the general cloaca. 

Since the publication of Professor Semper's researches on 
the urinogenital system of Elasmobranch fishes, it has been well 
known that, in most adult Elasmobranchs, there are present a 
series of funnel-shaped openings, leading from the perivisceral 
cavity, by the intermediation of a short canal, into the glandular 
tubuli of the kidney. These openings are called by Professor 
Semper, 8egmentaltrichtei\ and by Dr Spengel, in his valuable 
work on the urogenital system of Amphibia, Nephrostomen. 
In the present work the openings will be spoken of as seg- 
mental openings, and the tubes connected with them as seg- 
mental tubes. Of these openings there are a considerable 
number in the adults of both sexes of Scy. canicula, situated 
alo^g the inner border of each kidney. The majority of them 
belong to the Wolffian body, though absent in the extreme 
anterior part of this. In very young examples a few certainly 
belong to the region of the kidney proper. Where present, 
there is one for each segment \ It is not easy to make certain 
of their exact number. In one male I counted thirteen. In 
the female it is more difficult than in the male to make this 
out with certainty, but in one young example, which had left the 
egg but a short time, there appeared to be at least fourteen 
present. According to Semper there are thirteen funnels in 
both sexes — a number which fairly well agrees with my own 
results. In the male, rudiments of segmental tubes are present 
in all the anterior segments of the Wolffian body behind the 
vasa efferentia, but it is not till about the tenth segment that 
the first complete one is present. In the female a somewhat 
smaller number of the anterior segments, six or seven, are 
without segmental tubes or only possess them in a rudimentary 
condition. 

A typical segment of the Wolffian body or kidney, in the 

sense in which this term has been used above, consists of a 

number of factors each of which will be considered in detail 

with reference to its variations. On PI. xix. fig. 5, is represented 

^ The term eegment will be more accurately defined below. 
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a portion of the Wolffian body with three complete eegments and 
part of a fourth. If one of these be Belected, it will be seen to 
commence with (1) a segmental opening, somewhat oval in 
form {8t,o) and leading directly into (2) a narrow tube, the 
segmental tube, which takes a more or less oblique course back- 
wards, and, passing superficially to the Wolffian duct {w. d), opens 
into (3) a Malpighian body (p.mg) at the anterior extremity 
of an isolated coil of glandular tubulL This coil forms the 
fourth section of each segment, and starts from the Malpighian 
body. It consists of a considerable number of rather definite 
convolutions, and after uniting with tubuli from one or two 
(according to size of the segment) accessory Malpighian bodies 
(a. mff), smaller than the one into which the segmental tube 
falls, eventually opens by a (5) narrowish tube into the Wolffian 
duct at the posterior end of the segment. Each segment is 
completely isolated (except for certain rudimentary structures 
to be alluded to shortly) from the adjoining ones, and never has 
more than one segmental tvbe and one commwrdcation with the 
Wolffian duct. 

The number and general arrangement of the segmental 
tubes have already been spoken of; Their openings into the 
body cavity are, in Scyllium, very small, much more so than 
in the majority of Elasmobranchs. The general appearance of 
a segmental tube and its opening is somewhat that of a spoon, 
in which the handle represents the segmental tube, and the bowl 
the segmental opening. Usually amongst Elasmobranchs the 
openings and tubes are ciliated, but I have not determined 
whether this is the case in Scy. canicula, and Semper does not 
speak definitely on this point. From the segmental openings 
proceed the segmental tubes, which in the front segments have 
nearly a transverse direction, but in the posterior ones are 
directed more and more obliquely backwards. This statement 
applies to both sexes, but the obliquity is greater in the 
female than in the male. 

As has been said, each segmental tube normally opens 
inta a Malpighian body, from which again there proceeds the 
tubulus, the convolutions of which form the main mass of 
each segment. This feature can be easily seen in the case 
of the Malpighian bodies of the anterior part of the Wolffian 
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gland in young examples, and sometimes fairly well in old ones, 
of either sex*. There is generally in each segment a second 
Malpighian body, which forms the commencement of a tubulus 
joining that from the primary Malpighian body, and, where the 
segments are larger, there are three, and possibly in the hinder 
segments of the Wolffian gland and segments of the kidney 
proper, more than three Malpighian bodies. 

The accessory Malpighian bodies, or at any rate one of them,- 
appear to have curious relations to the segmental tubes. The 
necks of some of the anterior segmental tubes (PL xix. fig. 5) 
close to their openings into the primary Malpighian bodies are 
provided with a small knob of cells which points towards the 
preceding segment and is usually connected with it by a fibrous 
band. This knob is most conspicuous in the male, and in very 
young animals or almost ripe embryos. In several instances in 
a ripe male embryo it appeared to me to have a lumen, and to 
be continued directly forwards into the accessory Malpighian 
body of the preceding segment. One such case is figured in the 
middle segment on PI. xix. fig. 6. In this embryo segmental 
tubes were present in the segments immediately succeeding 
those connected with the vasa efierentia, and at the same time 
these segments contained ordinary and accessory Malpighian 
bodies. The segmental tubes of these segments were not, 
however, connected with the Malpighian body of their proper 
segment, but instead, turned forwards and entered the segment 
in front of that to which they properly belonged. I failed 
to trace them quite definitely to the accessory Malpighian body 
of the preceding segment, but, in one instance at least, there 
appeared to me to be present a fibrous connection, which is 
shewn in the figure already referred to, PI. xix. fig. 5, r. st. 
In any case it can hardly be doubted that this peculiarity of 
the foremost segmental tubes is related to what would seem 
to be the normal arrangement in the next few succeeding seg- 
ments, where each segmental tube is connected with a Mal- 
pighian body in its own segment, and more or less distinctly 
with an accessory Malpighian body in the preceding segment. 

^ My observations on this subject completely disprove, if it is necessary to ' 

do so after Professor Semper's investigations, the statement of Dr Meyer, that 
segmental tnbes in Scyllium open into lymph organsi. 
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In the male the anterior segmental tubes, which even in the 
embryo exhibit signs of atrophy, become in the adult completely 
aborted (as has been already shewn by Semper), and remain as 
irregular tubes closed at both ends, which for the most part do 
not extend beyond the Wolffian duct (PI. XIX. fig. 4, r. st). In 
the adult, the first two or three segments with these aborted 
tubes contain only accessory Malpighian bodies ; the remaining 
segments, with aborted segmental tubes, both secondary and 
primary Malpighian bodies. In neither case are the Mal- 
pighian bodies connected with the aborted tubes. 

The Malpighian bodies in Scyllium present no special 
peculiarities. The outer layer of their capsule is for the most 
part formed of flattened cells ; but, between the opening of the 
segmental tube and the efierent tubulus of the kidney, their cells 
become columnar. Vide PI. XIX. fig. 5. The convoluted tubuli 
continuous with them are, I believe, ciliated in their proximal 
section, but I have not made careful investigations with refer- 
ence to their finer structure. Each segment is connected with 
the Wolffian duct by a single tube at the hinder end of the 
segment. In the kidney proper, these tubes become greatly 
prolonged, and form the ureters. 

It has already been stated that the semen is carried by vasa 
efferentia from the testes to the anterior segments of the Wolf- 
fian body, and thence through the coils of the Wolffian body to 
the Wolffian duct. Ther nature of the vasa will be discussed in 
the embryological section of this chapter : I shall here confine 
myself to a simple description of their anatomical relations. The 
consideration of their connections naturally falls under three 
heads : (1) the vasa efferentia passing from the testes to the 
Wolffian body, (2) the mode in which these are connected with 
the Wolffian body, and (3) with the testis. 

In PI. XIX. fig. 4, drawn for me from nature by my friend 
Mr Haddon, are shewn the vasa efferentia and their junctions 
both with the testes and the kidney. This figure illustrates 
better than any description the anatomy of the various parts. 
Behind there are two simple vasa efferentia (v. e) and in front 
a complicated network of vasa, which might be regarded as 
formed of either two or four main vessels. It will be shewn 
in the sequel that it is really formed of four distinct vessels. 



i 
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Professor Semper states that there is but a single vas efferens 
in Scyllium canicula, a statement which appears to me un- 
questionably erroneous. All the vasa eflferentia fall into a 
longitudinal duct (1. c), which is connected in succession with 
the several segments of the WolflSan body (one for each vas 
eflTerens) which appertain to the testis. The hind end of the 
longitudinal duct is simple, and ends blindly close to its junc- 
tion with the last vas efferens; but in front, where the vasa 
efferentia are complicated, the longitudinal duct also has a 
complicated constitution, and forms a network rather than a 
simple tube. It typically sends off a duct to join the coils of 
the WolflBan body between each pair of vasa efferentia, and is 
usually swollen where this duct pails from it. A duct similar to 
this has been described by Semper as Nierenrandcancd in seve- 
ral Elasmobranchs, but its existence is expressly denied in the 
case of Scyllium ! It is usually found in Amphibia, as we know 
from Bidder and Spengel's researches. Spengel calls it LdngS" 
canal des Hoden ; the vessels from it into the kidney he calls 
vasa efferentia, and the vessels to it, which I speak of as vasa 
efferentia, he calls Quercanale, 

The exact mode of junction of the separate vasa efferentia 
with the testis is diflScult to make out on account of the opacity 
of the basal portion of the testis. My figure shews that there 
is a network of tubes (formed of four main tubes connected 
by transverse branches) which is a continuation of the anterior 
vasa efferentia, and joined by the two posterior ones. These 
tubes receive the tubuli coming from the testicular ampullae. 
The whole network may be called, with Semper, the testicular 
network. While its general relations are represented in my 
figure, the opacity of the testes was too great to allow of all 
the details being with certainty filled in. 

The kidneys of Scyllium stellare, as might be expected, 
closely resemble those of Scy. canicula. The ducts of the kidney 
proper, have, in the former species, a larger number of distinct 
openings into the urinogenital cloaca. In two male examples 
I counted seven distinct ureters, though it is not impossible 
that there may have been one or two more present. In one 
of my examples the ureters had seven distinct openings into 
the cloaca, in the other five openings. In a female I counted 
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eleven ureters opening into the WolflBan duct by seven distinct 
openings. In the remaining parts of the excretory organs the 
two species of Scyllium resemble each other very closely. 

As may be gathered from Prof. Semper's monograph, the 
excretory organs of Scyllium canicula are fairly typical for Elas- 
mobranchs generally. The division into kidney and WolflSan 
body is universal. The segmental openings may be more 
numerous and larger, e,g, Acanthias and Squatina, or absent in 
the adult, e.g. Mustelus and Raja. Bladder-like swellings 
of the Wolffian duct in the female appear to be exceptional, 
and seminal bladders are not always present. The variations 
in the ureters and their openings are considerable, and in 
some cases all the ureters are stated to fall into a single duct, 
which may be spoken of as the ureter par excellence\ with 
the same relations to the kidneys as the Wolffian duct bears 
to the Wolffian body. In some cases Malpighian corpuscles 
are completely absent in the Wolffian body, e.g. Raja. 

The vasa efferentia of the testes in Scyllium are very 
typical, but there are some forms in which they are more 
numerous as well as others in which they are less so. Per- 
haps the vasa efferentia are seen in their most typical form 
in Centrina as described and figured (PI. xxi.) by Professor 
Semper, or in Squatina vulgaris, as I find it, and have repre- 
seuted it on PL xix. fig. 8. From my figure, representing 
the anterior part of the Wolffian body of a nearly ripe embryo, 
it will be seen that there are five vasa efferentia (y,e) con-* 
nected on the one hand with a longitudinal canal at the base 
of the testes (w. t) and on the other with a longitudinal canal in 
the Wolffian body. Connected with the second longitudinal canal 
are four Malpighian bodies, three of them stalked and one sessile ; 
from which again proceed tubes forming the commencements 
of the coils of the anterior segments of the Wolffian body» 
These Malpighian bodies are clearly my primary Malpighian 
bodies, but there are in Squatina, even in the generative seg- 
ments, secondary Malpighian bodies. What Semper has described 



^ I feel considerable hesitation in accepting Samper's descriptions of the 
nreters and their openings. It has been shewn above that for Scyllium his 
statements are probably inaccurate, and in other instances, e,g, Baja, I cannot 
bring my dissections to harmonise with his desoriptions. 
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for Centrina and one or two other genera, closely correspond with 
what is present in Squatina. 

Development of the Segmental Tubes, 

On p. 127, et seq. an account was given of the first formation 
of the segmental tubes and the segmental duct, and the history 
of these bodies was carried on till nearly the period at which it 
is taken up in the exhaustive Memoir of Professor Semper. 
Though the succeeding narration traverses to a great extent the 
same ground as Semper's Memoir, yet many points are treated 
somewhat -differently, and others are dealt with which do not 
find a place in the latter. In the majority of instances, attention 
is called to points on which my results either agree with, or are 
opposed to, those of Professor Semper. 

From previous statements it has been rendered clear that a* 
first the excretory organs of Elasmobranchs exhibit no division 
into Wolffian body or kidney proper. Since this distinction 
is merely a question of the ducts, and does not concern the 
glandular tubuli, no allusion is made to its appearance in the 
present section, which deals only with the glandular part of the 
kidneys and not with their ducts. 

Up to the close of stage K the urinogenital organs consist 
of a segmental duct opening in front into the body cavity, and 
terminating blindly behind in close contact with the cloaca, and 
of a series of segmental tubes, each opening into the body cavity 
on the inner side of the segmental duct, but ending blindly at 
their opposite extremities. It is with these latter that we have 
at present to deal. They are from the first directed obliquely 
backwards, and coil close round the inner and dorsal sides of 
the segmental duct. Where they are in contact (close to their 
openings into the body cavity) with the segmental duct, the 
lumen of the latter diminishes and so comes to exhibit regular 
alternations of size. This is shewn in PI. xi. fig. 18 s. d. At the 
points where the segmental duct has a larger lumen, it event- 
ually unites with the segmental tubes. 

The segmental tubes rapidly undergo a series of changes, the 
character of which may be investigated, either by piecing to- 
gether transverse sections, or more easily from longitudinal and 
vertical sections. They acquire a A -shaped form with an au- 
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tenor limb opening into the body cavity and posterior limb, 
resting on a dilated portion of the segmental duct. The next 
important change which they undergo consists in a junction 
being effected between their posterior limbs, and the segmental 
duct In the anterior part of the body these junctions appear 
before the commencement of stage L. A segmental tube at 
this stage is shewn in longitudinal section on Fl. XX. fig. 7a, 
and in transverse section on PL xvii. fig. 2. In the former the 
actual openings into the body cavity are not visible. In the 
transverse section only one limb of the A is met with on 
either side of the section; the limb opening into the body 
cavity is seen on the left side, and that opening into the seg- 
mental duct on the right side. This becomes quite intelligible 
from a comparison with the longitudinal section which demon- 
strates that it is clearly not possible to see more than a single 
limb of the A in any transverse section. 

After the formation of their junctions with the segmental 
duct, other changes soon take place in the segmental tubes. By 
the close of stage L four distinct divisions may be noticed in each 
tube. Firstly, there is the opening into the body cavity, with 
a somewhat narrow stalk, to which the name segmental tube 
will be strictly confined in the future, while the whole pro- 
ducts of the original segmental tube will be spoken of as a 
segment of the kidney. This narrow stalk opens into a vesicle 
(PI. XVII. fig. 2, and xx. fig. 6), which forms the second divi- 
sion. From the vesicle proceeds a narrower section forming 
the third division, which during stage L remains very short, 
though in later stages it grows with great rapidity. It leads 
into the fourth division, which constitutes the posterior limb 
of the A, and has the form of a dilated tube with a narrow 
opening into the segmental duct. 

The subsequent changes of each segment do not for the 
most part call for much attention. They consist mainly in the 
elongation of the third division, and its conversion into a coiled 
tiibulus which then constitutes the main mass of each segment 
of the kidney. There are, however, two points of some in- 
terest, viz. : (1) the formation of the Malpighian bodies, and 
(2) the establishment of the connection between each segmental 
tube and the tubulus of the preceding segment which was 
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alluded to in the description on p. 256. The development of 
the Malpighian body is intimately linked with that of the 
secondary connection between two segments. They are both 
products of the metamorphosis of the vesicle which forms the 
termination of the segmental tube proper. 

At about stage O this vesicle grows out in two directions 
(PI. XX. fig. 10), viz. towards the segment in front (p. a) and 
posteriorly into the segment of which it properly forms a part 
(rng). That portion which grows backward remains continuous 
with the third division of its proper segment, and becomes con- 
verted into a Malpighian body. It assumes (PI. XX. figs. 6 and 10) 
a hemispherical form while near one edge of it is the opening 
from a segmental tube, and near the other the opening leading 
into a tubulus of the kidney. The two-walled hemisphere 
soon grows into a nearly closed sphere, with a central cavity 
into which projects a vascular tuft. For this tuft the thickened 
inner wall of cells forms a lining, and at the same time the outer 
wall becomes thinner, and formed of flattened cells, except in the 
interval between the openings of the segmental tube and kidney 
tubulus, where its cells remain columnar. 

The above account of the formation of the Malpighian bodies 
agrees very well with the description which Pye* has given of the 
formation of these bodies in the embryonic Mammalian kidney. 
My statements also agree with those of Semper, in attributing 
the formation of the Malpighian body to a metamorphosis of 
part of the vesicle at the end of the segmental tube. Semper 
does not however enter into full details on this subject. 

The elucidation of the history of the second outgrowth from 
the original vesicle towards the preceding segment is fraught 
with considerable difficulties, which might no doubt be over- 
come by a patient investigation of ample material, but which 
I have not succeeded in fully accomplishing. 

The points which I believe myself to have determined 
are illustrated by fig. 10, PI. XX., a longitudinal vertical section 
through a portion of the kidney between stages O and P. 
In this figure parts of three segments of the kidney are repre- 
sented. In the hindermost of the three — the one to the right 

there is a complete segmental tube {s.t) which opens at its upper 

1 Journal of Anatomy and Physiology, Vol. ix. 
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extremity into an irregular vesicle, prolonged behind into a 
body which is obviously a developing Malpighian body, m.ff, 
and in front into a wide tube cut obliquely in the section 
and ending apparently blindly (p. aj). In the preceding seg* 
ment there is also a segmental tube (s, t) whose opening into 
the body cavity passes out of the plane of the section, but 
which is again connected with a vesicle dilating behind into 
a Malpighian body {m,g) and in front into the irregular tube 
{p. x) as in the succeeding segment, hut this tube is now con'^ 
nected (and this could be still more completely seen in the 
segment in front of this) wiih a veside which opens into the 
thick-walled collecting tube (fourth division) of the preceding 
segment close to the opening of the latter into the Wolffian duct. 
The fact that the anterior prolongation of the vesicle ends 
blindly in the hindermost segment is due of course to its ter- 
minal part passing out of the plane of the section, ThiLS we 
have established between stages and P a connection between 
each segmental tube and the collecting tube of the segment in 
front of that to which it properly belongs; and it further appears 
that in consequence of this each segment of the kidney contains 
two distinct coils of tuhuli which only unite close to their common 
opening into the Wolffian duct I 

This remarkable connection is not without morpholo- 
gical interest, but I am unfortunately only able to give 
in a fragmentary manner its further history. During the 
gi-eater part of embryonic life a large amount of interstitial 
tissue is present in the embryonic kidneys, and renders them 
too opaque to be advantageously studied as a whole ; and 
I have also, so far, failed to prepare longitudinal sections 
suitable for the study of this connection. It thus results 
that the next stage I have satisfactorily investigated is that 
of a nearly ripe embryo already spoken of in connec- 
tion with the adult, and represented on PI. Xix. fig. 6. This 
figure shews that each segmental tube, while distinctly 
connected with the Malpighian body of its own segment, 
also sends out a branch towards the secondary Malpighian 
body of the preceding segment. This branch in most cases 
appeared to be rudimentary, and in the adult is certainly 
not represented by more than a fibrous band, but I fancy 
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that I have been able to trace it (th6ugh not with the 
distinctness I could desire) in surface views of the embryonic 
kidney of stage Q. The condition of the Wolffian body re* 
presented on PI. xix. fig. 5 renders it probable that the accessory 
Malpighian body in each segment is developed in connection 
with the anterior growth from the original vesicle at the end of 
the segmental tube of the succeeding segment* How the third or 
fourth accessory Malpighian bodies, when present, take their 
origin I have not made out. It is, however, fairly certain that 
they form the commencement of two additional coils which 
unite, like the coil connected with the first accessory Malpighian 
body, with the collecting tube of the primitive coil close to its 
opening into the Wolffian duct or ureter. 

The connection above described between two successive 
kidney segments appears to have escaped Professor Semper's 
notice, though I fancy that the peculiar vesicle he describes^ 
loc, cit. p. 303, as connected with the end of each segmental tube, 
is in some way related to it. It seems possible that the second* 
ary connection between the segmental tube and the pre- 
ceding segment may explain a peculiar observation of Dr 
SpengeP on the kidney of the tailless Amphibians. He finds 
that, in this group, the segmental tubes do not open into Mal- 
pighian bodies, but into the fourth division of the kidney 
tube. Is it not just possible that in this case the primitive 
attachment of the segmental tubes may have become lost, 
and a secondary attachment, equivalent to that above de- 
scribed, though without the development of a secondary Mai* 
pighian body, have been developed? In my embryos the 
secondary coil of the segmental tubes opens, as in the Anura, 
into the fourth section of a kidney tubulus. 

Development of the Mullerian and Wolffian dttcts. 

The formation of the Mullerian and Wolffian ducts out of 
the original segmental duct has been dealt with in a masterly 
manner by Professor Semper, but though I give my entire 
assent to his general conclusions, yet there are a few points on 
which I difier from him. These are for the most part of a 

1 Loc, cit, pp. 85—89. 
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secondary importance ; but they have a certain bearing on the 
homology between the MuUerian duct of higher Vertebrates 
and that of Elasmobranchs. The following account refers to 
Scy. canicula, but so far as my observations go, the changes in 
Scy. stellare are nearly identical in character. 

I propose treating the development of these ducts in the 
two sexes separately, and begin with the female. 

Shortly before stage N a horizontal split arises in the 
segmental duct\ commencing some little distance from its an- 
terior extremity, and extending backwards. This split divides 
the duct into a dorsal section and a ventral one. The dorsal 
section forms the Wolffian duct, and receives the openings of 
the segmental tubes, and the ventral one forms the Mullerian 
duct or oviduct, and is continuous with the unsplit anterior 
part of the primitive segmental duct, which opens into the 
body-cavity. The nature of the splitting may be gathered 
from the woodcut, fig. 6, p. 281, where a? represents the line along 
which the segmental duct is divided. The splitting of the 
primitive duct extends slowly backwards, and thus there is for 
a considerable period a single duct behind, which bifurcates 
in front. A series of transverse sections through the point of 
bifurcation always exhibits the following features. Anteriorly 
two separate ducts are present, next two ducts in close juxta- 
position, and immediately behind this a single duct. A series 
of sections through the junction of two ducts is represented 
on Plate xx. fig. 1A,1B,1G,1D. 

In my youngest example, in which the splitting had com- 
menced, there were two separate ducts for only 14 sections, and 
in a slightly older one for about 18. In the second of these 
embryos the part of the segmental duct anterior to the front end 
of the Wolffian duct, which is converted directly into the oviduct, 
extended through 48 sections. In the space included in these 
48 sections at least five, and I believe six, segmental tubes with 
openings into the body-cavity were present. These segmental 
tubes did not however unite with the oviduct, or at best, but 
one or two rudimentary junctions were visible, and the 
evidence of my earlier embryos appears to shew that the seg- 
mental tubes in front of the Wolffian duct never become in 
^ For the development of the segmental duct, vide p. 127, et seq. 
B. .18 
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the female united with the segmential duct. The anterior 
end of the Wolffian duct is very much smaller than the oviduct 
adjoining it, and as the reverse holds good in the male, an easy 
method is afforded of distinguishing the two sexes even at 
the earliest period of the formation of the Wolffian duck 

Hitherto merely the general features of the development of 
the oviduct and Wolffian duct have been alluded to, but a 
careful inspection of any good series of sections, shewing the 
junction of these two ducts, brings to light some features worth 
noticing in the formation of the oviduct. It might have been 
anticipated that, where the two ducts unite behind as the 
segmental duct, their lumens would have nearly the same dia- 
meter, but normally this appears to be far from the case. 

To illustrate the formation of the oviduct I have represented 
a series of sections through a junction in an embryo in which 
the splitting into two ducts had only just commenced (PL XX. 
fig. 1), but I have found that the features of this series of 
sections are exactly reproduced in other series in which the 
splitting has extended as far back as the end of the small 
intestine. In the series represented (PL XX.) 1 A is the fore- 
most section, and 1 D the hindermost. In 1 A the oviduct (o d) 
is as large or slightly larger than the Wolffian duct (w.d), 
and in the section in front of this (which I have not re- 
presented) was considerably the larger of the two ducts. In 
1 B the oviduct has become markedly smaller, but there is no 
indication of its lumen becoming united with that of the Wolffian 
duct — the two ducts, though in contact, are distinctly separate. 
In 1 C the walls of the two ducts have fused, and the oviduct 
appears merely as a ridge on the under surface of the Wolffian 
duct, and its lumen, though extremely minute, shews no sign 
of becoming one with that of the Wolffian duct Finally, in 
ID the oviduct can merely be recognised as a thickening on 
the under side of the segmental duct, as we must now call the 
single duct, but a slight bulging downwards of the lumen of 
the segmental duct appears to indicate that the lumens of the 
two ducts may perhaps have actually united. But of this I could 
not be by any means certain, and it seems quite possible that the 
lumen of the oviduct never does open into that of the seg- 
mental duct. 
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The above series of sections goes far to prove that the 
posterior part of the oviduct is developed as a nearly solid ridge 
split oflf from the under side of the segmental duct, into which 
at the utmost a very small portion of the lumen of the latter 
is continued. One instance has however occurred amongst 
my sections which probably indicates that the lumen of the 
segmental duct may sometimes, in the course of the forma* 
tion of the oviduct and Wolffian duct, become divided into 
two parts, of which that for the oviduct, though consider- 
ably smaller than that for the Wolffian duct, is not so markedly 
so as in normal cases (PI. XX. fig. 2). 

Professor Semper states that the lumen of the part of the 
oviduct split oflf from the hindermost end of the segmental duct 
becomes continuously smaller, till at last close to the cloaca it 
is split oflf as a solid rod of cells without a lumen, and thus it 
comes about that the oviduct, when formed, ends blindly, and 
does not open into the cloaca till the period of sexual maturity. 
My own sections do not include a series shewing the formation 
of a terminal part of the oviduct, but Semper*s statements 
accord precisely with what might probably take place if my 
account of the earlier stages in the development of the oviduct 
is correct. The presence of a hymen in young female Elas* 
mobranchs was first made known by Putmann and Qarman^ 
and subsequently discovered independently by Semper*. 

The Wolffian duct, appears to receive its first segmental 
tube at its anterior extremity. 

In the male the changes of the original segmental duct 
have a somewhat diflferent character to those in the female, 
although there is a fundamental agreement between the two 
sexes. As in the female a horizontal split makes its appearance 
a short way behind the front end of the segmental duct, and 
divides this into a dorsal Wolffian duct and a ventral Mullerian 
duct, the latter continuous with the anterior section of the 
segmental duct, which carries the abdominal opening. The 
diflferences in development between the two sexes are, in spite 
of a general similarity, very obvious. In the first place, the 

^ On the Male and Female Organs of Sharks and [Skates, with special refer« 
ence to the use of the claspers, Proceed, American Association for Advance- 
ment of Science, 1874* 

* Loc, ciU 

18—2 
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ventral portion split off from the segmental duct, instead of 
being as in the female larger in front than the WolflSan duct, is 
very much smaller ; while behind it does not form a continuous 
duct, but in some parts a lumen is present, and in others again 
absent (PI. XX. fig. 6). It does not even form an unbroken 
cord, but is divided in disconnected- portions. Those parts 
with a lumen do not appear to open into the Wolffian duct. 

The process of splitting extends gradually backwards, so that 
there is a much longer rudimentary Miillerian duct by stage O 
than by stage N. By stage P the posterior portions of the 
Miillerian ducts have vanished. The anterior parts remain, 
as has been already stated, till adult life. A second differ- 
ence between the male and female depends on the fact 
that, in the male, the splitting of the segmental duct into 
Miillerian duct and Wolffian duct never extends beyond the 
hinder extremity of the small intestine. A third and rather 
important point of difference consists in the splitting com- 
mencing far nearer the front end of the segmental duct in the 
male than in the female. In the female it was shewn that 
about 48 sections intervened between the front end of the 
segmental duct and the point where this became split, and that 
this region included five or six segmental tubes. In the male 
the homologous space only occupies about 7 to 12 sections, and 
does not contain the rudiment of more than a single segmental 
tube. Although my sections have not an absolutely uniform 
thickness, yet the above figures suffice to shew in a conclusive 
manner that the splitting of the segmental duct commences far 
further forwards in the male than in the female. This difference 
accounts for two facts which were mentioned in connection with 
the excretory organs of the adult, viz. (1) the greater length of 
the Wolffian body in the male than in the female, and (2) the 
fact that although a nearly similar number of segmental tubes 
persist in the adults of both sexes, yet that in the male there 
are five or six more segments in front of the first fully deve- 
loped segmental opening than in the female. 

The above description of the formation of the Miillerian duct 
in the male agrees very closely with that of Professor Semper 
for Acantbias. For Scy Ilium however he denies, as it appears 
to me erroneously, the existence of the posterior rudimentary 
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parts of the MuUerian duct. He further asserts that the por- 
tions of the Mlillerian duct with a lumen open into the Wolffian 
duct. The most important difiference, however, between Pro- 
fessor Semper's and my own description consists in his having 
failed to note that the splitting of the segmental duct com- 
mences much further forwards in the male than in the female. 

I have attempted to shew that the oviduct in the female, 
with the exception of the front extremity, is formed as a nearly 
solid cord split oflf from the ventral surface of the segmen- 
tal duct, and not by a simple splitting of the segmental duct into 
two equal parts. If I am right on this point, it appears to me 
far easier to understand the relationship between the oviduct 
or Mlillerian duct of Elasmobranchs and the MuUerian duct of 
Birds, than if Professor Semper's account of the development of 
the oviduct is the correct one. Both Professor Semper and my- 
self have stated our belief in the homology of the ducts in 
the two cases, but we have treated their relationship in a 
very diflferent way. Professor Semper* finds himself compelled 
to reject, on theoretical grounds, the testimony of recent 
observers on the development of the Mlillerian duct in Birds, 
and to assert that it is formed out of the Wolffian duct, 
or, according to my nomenclature, 'the segmental duct.' In 
ray account*, the ordinary statements with reference to the 
development of the Mlillerian duct in Birds are accepted ; but 
it is suggested that the independent development of the Mlille- 
rian duct may be explained by the function of this duct in 
the adult having, as it were, more and more impressed itself- 
upon the embryonic development, till finally all connection, 
even during embryonic life, between the oviduct and the seg- 
mental duct (Wolffian duct) became lost. 

Since finding what a small portion of the segmental duct 
became converted into the Mlillerian duct in Elasmobranchs, I 
have reexamined the development of the Miillerian duct in 
the Fowl, in the hope of finding that its posterior part might 
develope nearly in the same manner as in Elasmobranchs, at 
the expense of a thickening of cells on the outer surface of 

1 Loe. cit, p. 412, 413. 

* The Urinogenital Organs of Vertebrates, Journal of Anatomy and Physiology, 
Vol. X. p. 47. 
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the WolflSan duct. I have satisfied myself, in conjunction with 
Mr Sedgwick, that this is not the case, and that the general 
account is in the main true ; but at the same time we have ob- 
tained evidence which tends to shew that the cells which form 
the Miillerian duct are in part derived from the walls of the 
Wolffian duct. We propose giving a full account of our obser- 
vations on this point, so that I refrain fropi mentioning further 
details here. It may however be well to point out that, apart 
from observations on the actual development of the Miillerian 
duct in the Bird, the fact of its abdominal opening being 
situated some way behind the front end of the Wolffian duct, 
is of itself a sufficient proof that it cannot be the metamorphosed 
front extremity of the Wolffian (= segmental) duct, in the same 
way that the abdominal opening of the Miillerian duct is the 
front extremity of the segmental duct in Elasmobranchs. 

Although the evidence I can produce in the case of the 
Fowl of a direct participation of the Wolffian duct in the for- 
mation of the Miillerian is not of an absolutely conclusive kind, 
yet I am inclined to think that the complete independence of 
the two ducts, if eventually established as a fact, would not of 
itself be sufficient (as Semper is inclined to think) to dis- 
prove the identity of the Miillerian duct in Birds and Elasmo- 
branchs. 

We have, no doubt, almost no knowledge of the magnitude of 
the changes which can take place in the mode of development of 
the same organ in different types, yet this would have to be placed 
at a very low figure indeed in order to exclude the possibility 
of a change from the mode of development of the Miillerian 
duct in Elasmobranchs to that in Birds. We have, it appears 
to me, in the smallness of the portion of the segmental duct 
which goes to form the Miillerian duct in Elasmobranchs, evi- 
dence that a change has already appeared in this group in the 
direction of a development of the Miillerian duct independent 
of the segmental duct, and therefore of the Wolffian duct; 
and it has been in view of this consideration, that I have de- 
voted so much attention to the apparently unimportant point 
of how much of the segmental duct was concerned in the for- 
mation of the Miillerian duct. An analogous change, in a 
somewhat different direction, would seem to be taking place in 
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the development of the rudimentary MuUerian duct in the male 
Elasmobranchs. 

It is, perhaps, just worth pointing out, that the blindness of 
the oviduct of female Elasmobranchs, and its mode of develop- 
ment from an imperfect splittmg of the segmental duct, may 
probably be brought into connection with the blindness of the 
extremity of the Miillerian duct or oviduct which so often 
occurs in both sexes of Sturgeons (Accipenser). 

I may, perhaps, at this point, be permitted to say a few 
words about my original account of the development <rf the 
Wolffian duct. This account was incorrect, and based upon a 
false interpretation of an imperfect series of sections, and I took 
the opportunity, in a general account of the urinogenital sys- 
tem of Vertebrates, to point out my mistake'. Professor Semper 
has, however, subsequently done me the honour to discuss, at 
considerable length, my original errors, and to attempt to ex- 
plain them. Since it appears to me improbable that the con- 
tinuation of such a discussion can be of much general interest, 
it will suffice to say now, that both Professor Semper's and my 
own original statements on the development of the Wolffian duct 
were erroneous ; but that both of us have now recognised our 
mistakes ; and that the first morphologically correct account of 
the development was given by him. 

With reference to the formation of the urinal cloaca there 
is not much to say. The originally widely separated open- 
ings of the two Wolffian ducts gradually approximate in both 
sexes. By stage (PI. xviii. fig. 1 b) they are in close con- 
tact, and the lower ends of the two ducts actually coalesce at 
a somewhat later period, and open by a single aperture into 
the common cloaca. The papilla on which this is situated 
begins to make its appearance considerably before the actual 
fusion of the lower extremities of the two ducts. 

Formation of Wolffian Body and Kidney proper. 

Between stages L and M the hindermost ten or eleven 
segments of the primitive undivided excretory organ commence 
to undergo changes which result in their separation from the 
1 Journal of Anatomy and Physiology ^ Vol. x. 1875. 



272 WOLFFIAN BOOT HSJi KIDSIT. 

anterior Begments as a distinct gland, wLicb was spoken of in 
the description of the adult as the kidney proper, while the 
UDaltered preceding segments of the kidney were spoken of 
as the Wolffian body. 

It will be remembered that each segment of the embryonic 
kidney consists of four divisions, the last or fourth of which 
opens into the Wolffian duct. The changes which take place 
in the hindermost ten or eleven segments, and cause them 
to become distinguished as the kidney proper, concern alone 
the fourth division of each segment, which becomes prolonged 
backwards, and its opening into the Wolffian duet proportion- 
ately shifted. These changes affect the foremost segments of 
the kidney much more than the hindermost, so that the fourth 
division in the foremost segments becomes very much longer 
than in the hindermost, and at last all the prolongations of the 
kidney segments come to open nearly on the same level, close 
to the cloacal termination of the Wolffian duct (PI. xx. fig, 8). 
The prolongations of the fourth division of the kidney-seg- 
ments have already (p, 251) been spoken of in the description 
of the adult as ureters, and this name will be employed for 
them in the present section. 

The exact manner in which the changes, that have been 
briefly related, take place is rather curious, and very difficult 
to unravel without the aid of longitudinal sections. First of 
all, the junction between each segment of the kidney and ^the 
Wolffian duct becomes so elongated as to occupy the whole 
interval between the junctions of the two neighbouring seg- 
ments. The original opening of each tube into the Wolffian 
duct is situated at the anterior end of this elongated attach- 
ment, the remaining part of the attachment being formed solely 
of a ridge of cells on the dorsal side of the Wolffian duct. The 
general character of this growth will be underatood by com- 
parii^ fig, 7 a and 7 b, PI. xx. — two longitudioal vertical sec- 
tions through part of the kidneys. Fig. 7 a shews the normal 
junction of a segmental tube with the Wolffian duct in the 
Wolffian body, while in figure 7 b (r. u) is shewn the modified 
junction in the region of the kidney proper in the same em- 
bryo. The latter of these figures (fig. 7 b) appears to me to 
prove that the elongation of the attachments between the 
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s^mental tubes aod Wolffian duct takes place entirely at the 
expense of the former. Owing to the length of this attach- 
ment, every transverse section through the kidney proper at 
this stage either presents a solid ridge of cells closely adhering 
to the dorsal side of the Wolffian duct, or else passes through 
one of the openings into the Wolffian duct. 

During stage M the original openings of the segmental 
tubes into the Wolffian duct appear to me to become ob- 
literated, and at the same time the lumen of each ureter is 
prolonged into the ridge of cells on the dorsal wall of the duct. 

Both of these changes are illustrated in my figures. The 
fcict of the obliteration of the original opening into the Wolffian 
duct is shewn in longitudinal section in PI. XX. fig. 9, u, but 
more conclusively in the series of transverse sections represented 
on PI. XX. fig. 3 A, 3 B, 3 0. In the hindermost of these 
(3 0) is seen the solid terminal point of a ureter, while the 
same ureter possesses a lumen in the two previous sections, but 
exhibits no signs of opening into the Wolffian duct. Sections 
may however be met with which appear ]to shew that in some 
instances the ureters still continue to open into the Wolffian 
duct, but these I find to be rare and inconclusive, and am 
inclined to regard them as abnormalities. The prolongation 
of the lumen of the ureters takes place in a somewhat peculiar 
fashion. The lumen is not, as might be expected, completely 
circumscribed by the wall of the ureter, but only dorsally 
and to the sides. Ventrally it is closed in by the dorsal wall of 
the Wolffian duct. In other words, each ureter is at first an 
incomplete tube. This peculiarity is clearly shewn in the 
middle figure of the series on PI. XX. fig. 3 B. 

During stages M and N the ureters elongate considerably, 
and, since the foremost ones grow the most rapidly, they soon 
come to overlap those behind. As each ureter grows in 
length it remains an incomplete tube, and its lumen, though 
proportionately prolonged, continues to present the same general 
relations as at first. It is circumscribed by its proper walls 
only dorsally and laterally ; its floor being formed in the 
case of the front ureter by the Wolffian duct, and in the 
case of each succeeding ureter by the dorsal wall of the 
ureter in front. This is most easily seen in longitudinal 
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sections, and is represented on PL XX. fig. 9, or on a larger 
scale in fig. 9 A. In the latter figure it is especially clear that 
while the wall on the dorsal side of the lumen of each ureter 
is continuous with the dorsal wall of the tubulus of its own 
segment, the wall on the ventral side is continuous with the 
dorsal wall of the ureter of the preceding segment. This 
feature in the ureters explains the appearance of trans- 
verse sections in which the ureters ai'e not separate from 
each other, but form together a kind of ridge on the dorsal 
side of the WolfiSan duct, in which there are a series of per- 
forations representing the separate lumens of the ureters 
(PL XX, fig. 4). The peculiarities in the appearance of the 
dorsal wall of the WolflSan duct in fig. 9 A, and the difference 
between the cells composing it and those of the ventral wall, 
become intelligible on comparing this figure with the repre- 
sentation of transverse section in fig. 3 B and 3 C, and especially 
in fig. 4. Most of the ureters continue to end blindly at the 
close of stage N, and appear to have solid posterior terminations 
like that of the Mullerian duct in Birds. 

By stage O all the ureters have become prolonged up to 
the cloacal end of the Wolfl&an duct, so that the anterior 
one has a length equal to that of the whole kidney proper. 
For the most part they acquire independent openings into the 
end section of the Wolffian duct, though some of them unite 
together before reaching this. The general appearance of the 
hindermost of them between stages N and O is shewn in longi- 
tudinal and vertical section in PL XX. fig. 8, u. 

They next commence to develope into complete and inde- 
pendent tubes by their side walls growing inwards and meeting 
below so as to completely enclose their lumen. This is seen 
already to have occurred in most of the posterior ureters in 
PL XX. fig. 8. 

Before stage P the ureters cease to be united into a con- 
tinuous ridge, and each becomes separated from its neighbours 
by a layer of indifierent tissue : by this stage, in fact, the ureters 
have practically attained very nearly their adult condition. 
The general features of a typical section through them are 
shewn on PL XX. fig. 5. The figure represents the section 
of a female embryo, not far from the cloaca. Below is the 
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oviduct (pd). Above this again is the Wolffian duct (w,d), and 
still dorsal to this are four ureters {u). In female embryos more 
than four ureters are not usually to be seen in a single section. 
This is probably owing to the persistence, in some instances, of 
the intimate connection between the ureters found at an earlier 
stage of development, and results in a single ureter coming 
to serve as the collecting duct for several segments. A section 
through a male embryo of stage P would mainly diflfer from 
that through a female in the absence of the oviduct, and in the 
presence of probably six*, instead of four, ureters. 

The exact amount of fusion which takes place between the 
ureters, and the exact number of the ureters, cannot easily be 
determined from sections, but the study of sections is chiefly 
of value in shewing the general nature of the changes which 
take place in the process of attaining the adult condition. 
^'^ It may be noticed, as a consequence of the above account, 
that the formation of the ureters takes place By a growth of the 
original segmental tubes, and not by a spUtting oflf of parts of 
the wall of the Wolffian duct. 

The formation of ureters in Scyllium, which has been only 
very cursorily alluded to by Professor Semper, appears to diflfer 
very considerably from that in Acanthias as narrated by him. 

The Vasa Efferentia, 

A comparison of the results of Professor Semper on Elasmo- 
branchs, and Dr Spengel on Amphibians, suggests several 
interesting questions with reference to the development of the 
vasa eflferentia, and the longitudinal canal of the Wolffian body. 

Professor Semper was the first to describe the adult 
anatomy and development of vasa eflferentia in Elasmobranchs, 
and the following extracts will fully illustrate his views with 
reference to them. 

"In* dem friihesten Stadium finden sich wie friiher ange- 
geben ungefahr 34 Trichter in der Liebeshohle, von diesen 
gehen die 27 hintersten in die persistirenden Segmentaltrichter 

1 This at least holds good for one of my embryos at this stage, which is 
labelled Scy. canicula, but which may possibly be Scy. stellare. 
' Loe, ciU p. 364. 
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liber, yoq denen 4 beim erwachsenen Thiere aof dem Mesor- 
chium stehen. Die iibrigen 7 schliessen sich vollstandig ab 
za den erwahBten langlichen and spater mannigfstch answach- 
senden varicdsen Trichterblasen ; von diesen sind es wiedemm 
3 — 4t welche nntereinander in der Langsrichtang verwachsen 
nnd dadorch den in der Basis der Hodenfalte yerlaufenden 
Centralcanal des Hodens bilden« Ehe aber diese Yerwachsong 
za einem mehr oder minder geschlangelten Centralcanal voll- 
standig wird, hat sich einmal das Lamen der Trichterblasen 
fast vollstandig geschlossen and ausserdem von ihnen aas 
darch Yerwachsung and Knospung die erste Anlage des rete 
vascalosum Halleri gebildet (Ta£ xx. Fig. 1, 2 c). Es er- 
streckt sich namlich mehr oder minder weit in die Genital£dte 
hinein ein unregelmassiges von kleinen Zellen begranztes 
Canalnetz welches zweifellos mit dem noch nicht ganz voll- 
standigen Centralcanale des Hodens (Taf. xx. fig. 2 c) in 
Yerbindang steht Yon diesem letzteren aus gehen in regel- 
massigen Abstanden die Segmentalgange (Taf. xx. fig. 2 sg,) 
gegen die Niere hin ; da sie meist stark geneigt oder selbst 
geschlangelt (bei 6**™* langen Embryonen) gegen die Niere za 
verlaufen, wo sie sich an die primaren Malpighi schen 
Korperchen and deren Bildungsblasen ansetzen, so kann ein 
verticaler Querschnitt auch nie einen solchen nun zum vas 
eflferens gewordeuen SegmentalgaDg seiner ganzen LaDge 
nach treflfen. Gegen die Trichterfurche zu aber steht na- 
mentlich am hinteren Theile der Genitalfalte der Centralcanal 
haufig noch durch einen kurzen Zellstrang mit dem Keim- 
epithel der Trichterfurche in Yerbinduug ; mitunter findet sich 
hier sogar noch eine kleine Hohlung, Rest des urspriinglich 
hier vorhandenen weiten Trichters " (Taf. xx. Fig. 3 c). 

And again : "Dieser^ Gegensatz in der Umbildung der Seg- 
mentalgange an der Hodenbasis scheint nun mit einem anderen 
Hand in Hand zu gehen. Es bildet sich namlich am Innenrande 
der Niere durch Sprossung und Yerwachsung der Segmentalgange 
vor ihrer Insertion an das primare Malpighi sche Korperchen 
ein Canal beim ilannchen aus, den ich als Nierenrandcanal oben 
bezeichnet babe. Ich habe denselben bei Aeanthias Centrina 
(Taf XXI. Fig. 13) und Mustelus (Taf xv. Fig. 8) gefunden. 

^ Loc. cit, p. 395. 
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Bei Centrina ist er ziemlich lang und vereinigt mindestens 
7 Segmentalgange, aber von diesen letzteren stehen nur 5 mit 
dern Hodennetz in Verbindung. Dort nun wo diese letzteren 
sich an den Nierenrandcanal ansetzen (Taf. xxi. Fig. 13 sg.^ — 
sg.g) findet sich jedesmal ein typisch ausgebildetes MalpighH- 
sches KSrperchen mit dem aber nun nicht mehr wie urspriing- 
lich nur 2 Canale verbunden sind (Taf. XXI. Fig. 14) sondem 
3. Einer dieser letzteren ist derjenige Ast des Nierenrand- 
canals welcher die Verbindung mit dem nachst folgenden 
Segmentalgang zu besorgen hat. An den Stellen aber wo 
sich an den Nierenrandcanal die hinteren blind gegen den 
Hoden hin endenden Segmentalgange ansetzen fehlen diese 
MalpigMschen Korperchen (Taf. xxi. fig. 13 sg^) voUstandig. 
Auch bei Mustelus (Taf. xv. Fig. 8, 10) findet genau dasselbe 
Verhaltniss statt ; da aber hier nur 2 (oder 3) Segmentalgange 
zu vasa efferentia umgewandelt werden, so stehen hier am 
kurzen Randcanal der Niere auch nur 2 oder 5 McUpighi'Bche 
Korperchen. Diese aber sind typisch ausgebildet (Taf. xv. 
Fig. 10)." 

From these two extracts it is clear that Semper regards both 
the vasa efferentia, and central canal of the testis network, as 
well as the longitudinal canal of the WolflSan body, as products 
of the anterior segmental tubes. 

The appearance of these various parts in the fully grown 
embryos or adults of such genera as Acanthias and Squatina 
strongly favours this view, but Semper appears to have worked 
out the development of these structures somewhat partially and 
by means of sections, a method not, in Scyllium at least, very 
suitable for this particular investigation. I myself at first 
unhesitatingly accepted Semper's views, and it was not till after 
the study of the paper of Dr Spengel on the Amphibian 
kidney that I came to have my doubts as to their accuracy. 
The arrangement of the parts in most Amphibians is strikingly 
similar to that in Elasmobranchs. From the testis come trans- 
verse canals corresponding with my vasa efferentia; these fall 
into a longitudinal canal of the kidneys, from which again, as 
in Squatina (PI. xix. fig. 8), Mustelus and Centrina, canals 
(the vasa efferentia of Spengel) pass off to Malpighian bodies. 
So far there is no difficulty,. but Dr Spengel has made the 
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extremely important discovery, that in young Amphibians each 
Malpighian body in the region of the generative ducts^ in 
addition to receiving the vasa efiferentia, is connected with a 
fully developed segmental tube opening into the body-cavity. In 
Amphibians, therefore, it is improbable that the vasa efferentia 
are products of the open extremities of the segmental tubes, 
considering that these latter are found in their unaltered con- 
dition at the same time as the vasa efferentia. When it is 
borne in mind how strikingly similar in most respects is the 
arrangement of the testicular ducts in Amphibia and Elasmo- 
branchs, it will not easily be credited that they develope in 
entirely different methods. Since then we find in Amphibians 
fully developed segmental tubes in the same segments as the 
vasa efferentia, it is difficult to believe that in Elasmobranchs 
the same vasa efferentia have been developed out of the seg- 
mental tubes by the obliteration of their openings* 

I set myself to the solution of the origin of the vasa effe- 
rentia by means of surface views, after the parts had been made 
transparent in creosote, but I have met with great difficulties, and 
80 far my researches have only been partially successful. . From 
what I have been able to see of Squatina and Acanthias, I am 
inclined to think that the embryos of either of these genera 
would form far more suitable objects for this research than 
Scyllium. I have had a few embryos of Squatina which were 
unfortunately too old for my purpose. 

Very early the vasa efferentia are fully formed, and their 
arrangement in an embryo eight centimetres long is shewn 
in PL XIX. fig. 6, v.e. It is there seen that there are six if 
not seven vasa efferentia connected with a longitudinal canal 
along the base of the testes (Semper s central canal of the testis), 
and passing down like the segmental tubes to spaces between 
the successive segments of the Wolffian body. They were pro- 
bably connected by a longitudinal canal in the Wolffian body, 
but this could not be clearly seen. In the segment immedi- 
ately behind the last vas efferens was a fully developed seg- 
mental tube. This embryo clearly throws no light on the 
question at issue except that on the whole it supports Semper's 
views. I further failed to make out anything from an ex- 
amination of still younger embryos. 
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In a somewhat older embryo there was connected with the 
anterior vas eflferens a peculiar structure represented on PI. xix. 
fig* 7, r.stl which strangely resembled the opening of an 
ordinary segmental tube, but as I could not find it in the 
younger embryo, this suggestion as to its nature, is, at the 
best, extremely hazardous. K, however, this body really is the 
remnant of a segmental opening, it would be reasonable to 
conclude that the vasa efferentia are buds from the segmental 
tubes as opposed to their openings; a mode of origin which 
is not incompatible with the discoveries of Dr SpengeL I 
have noticed a remnant, somewhat similar to that in the 
Scyllium embryo, close to the hindermost vas efferens in an 
embryo Squatina (PL XIX. fig. 8, r.8^ ?)• 

With reference to the development of the longitudinal 
canal of the Wolffian body, I am without observations, but it 
appears to me to be probably a further development of the 
outgrowths of the vesicles of each segmental tube, which were 
described in connection with the development of the segmental 
tubes, p. 262. Were an anterior outgrowth of one vesicle to 
meet and coalesce with the posterior outgrowth of the preceding 
vesicle, a longitudinal canal such as actually exists would be 
the result. The central canal of the base of the testes and 
the network connected with it in the adult (PL xix. fig. 4), 
appear to be derivatives of the vasa efferentia. 

I am thus compelled to leave open the question of the real 
nature of the vasa efferentia, but am inclined to regard them 
as outgrowths from the anterior segmental tubes, though not 
from their open terminations. 

My views upon the homologies of the various parts of the 
urinogenital system, the development of which has been de- 
scribed in the present chapter, have already been expressed in 
a paper on Urinogenital organs of Vertebrates \ Although 
Kolliker's' discovery of the segmental tubes in Aves, and the 
researches of SpengeP, Gasser*, Ewart* and others, have ren- 

' Journal of Anatomy and Physiology, Vol. x. 
• Entwicklungsgeschichte des Menschen u, der hoheren Thiere, 
' Loc. cit, 

^ Beitrdge zur Entwicklungsg. d. AllantoU d. MUller'schen G&nge t«. d. Afters, 
^ Abdominal Pores aad Urogenital Sinus of Lamprey, Journal of Anatomy 
and Physiology^ VoL x. p. 488. 



280 B^SUUll OF UBOOENTTAL STSTEIL 

dered Decessary a few corrections in my facts, I still adhere 
in their entirety to the views expressed in,that paper, and feel 
it unnecessary to repeat them in this place. I conclude the 
chapter with a r&um^ of the development of the urinogenital 
organs in Elasmobrancbs from thoir first appearance to their 
permanent condition. 

Rfyume. — The first trace of the urinary system makes its 
appearance as a knob springing from the intermediate cell-mass 
opposite the fifth protovertebra (woodcut, fig. 5A p.d}. This 
knob is the rudiment of the abdominal openiDg of the seg- 
mental duct, and from it there grows backwards to the level of 
the anus a solid column of cells, which constitutes the rudiment 
of the segmental duct itself (woodcut, fig. 5B p.d). The knob 
projects towards the epihlast, and the column connected with 
it lies between the mesoblast and epihlast. The knob uid 
column do not long remain solid, but the former acquires an 
opening into the body-cavity continuous with a lumen, which 
makes its appearance in the latter. 



Two Sbctiohs 



Fig-E. 

7 k Fbibtiubub Eubrio h 
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The sectiona illustrate the development of the aegmenlal dnot (yd.) or primi- 
tive duct of the kidacys. In A (the nnterior of the two eeotions) 
this appears as a solid knob (pd) projecting towatds the epihlaBt. In B is 
Been a eection of the column which has grown backward^ from the knob 

tyn. radiment of a spinal nerve; mc. medullary canal; ch. notochord; 
X. string of ccUu below the notochord; nip. muscle-plate; mp'. specially 
developed portion of mnscle -plate ; ao. dorsal aorta; pd. segmental dnot. 
10. Bomatopleure; ip. splanchnopleure ; pp. pleoroperitoneal or body- 
cavity; ep. epiblast; at. alimentary oanal. 
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While the lumen is gradually pushing its way backwards 
along the solid rudiment of the segmental duct, the first traces 
of the segmental tubes, or proper excretory organs, make their 
appearance in the form of solid outgrowths of the intermediate 
cell-mass, which soon become hollow and open into the body- 
cavity. Their blind ends curl obliquely backwards round the 
inner and dorsal side of the segmental duct. One segmental 
tube makes its appearance for each protovertebra, commencing 
with that immediately behind the abdominal opening of the 
segmental duct, the last tube being situated a short way behind 
the anus. Soon after their formation the blind ends of the 
segmental tubes open into the segmental duct, and each of 
them becomes divided into four parts. These are (woodcut 7) 
(1) a section carrying the abdominal opening or segmental tube 
proper, (2) a dilated vesicle into which this opens, (3) a coiled 
tubulus proceeding from (2) and terminating in (4), a wider portion 
opening into the segmental duct. At the same time, or shortly 
before this, each segmental duct unites with and opens into 
one of the horns of the cloaca, and also retires from its primi- 
tive position between the epiblast and mesoblast, and assumes 
a position close to the epithelium lining the body-cavity. 

Fig. 6. 

Diagram of the primitive condition of the Kidney in an Elasmobranch 

Embryo. 
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j7d. segmental duct. It opens at o into the body-cavity and at its other 
extremity into the cloaca ; x, line along which the division appears which 
separates the segmental duct into the Wolffian duct above and the Mtillerian 
duct below; zt. segmental tubes. They open at one end into the body- 
cavity, and at the other into the segmental duct. 

The general features of the excretory organs at this period 
are diagrammatically represented on the woodcut, fig. 6. In 
this fig. jp.d is the segmental duct and o its abdominal opening. 
s,i points to the segmental tubes, the finer details of whose 
B. . 19 
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structure are not represented in the diagram. The kidnej's 
thus form at this period an unbroken gland composed of a 
series of isolated coiled tubes, one extremity of each of which 
opens into the body-cavity, and the other into the segmental 
duct, which forms the only duct of the kidney, and communi- 
cates at ono end with the body-cavity, and at the other with 
the cloaca. 

The next important change concerns the segmental duct, 
which becomes longitudinally split into two complete ducts in 
the female, and one complete duct and parts of a second in 
the male. The manner in which this takes place is diagram- ' 
raatically represented in woodcut 6 by the clear line x, and 
in transverse section in woodcut 7. The resulting ducts are 
Fig. T. 

DllUBUIHATTO IIEPBBSENTjITIOS OF i TRiNSVERSE BEOTIOS OF 1 SoTlLICM 
EHBBIO ILLDBItUTlNO IBS TOBHATtOS OV THE WoIJnUt AND McLLXBIAS 
PUdlB B! IBR {.OHOlTDDnril. BPLITTIKa OV THE BEOHBBIAL SUCI, 



me. mcilullar; eanul; nip. muaclu-pLilu ; ch. Dotuuhord ; ao, oorts; 
ta «. cardinal yein ; «(. sogmcatal tube. Ou tlio one KJdo the Beclion 
passes tliroDgh the opening of a negmeiital tube into tho body-cavity. On tbe 
other this opening ia represented b; dotted lines, and tho openinR of Uw 
segmental tuba into the Wolffian duct has been cut through; v:.d. Wolffian 
duct ; nt.(2. Mallerian duct. The section ia talccu through the point where 
Uie seemental duot and Wolffiim duct have jnst become separate ; gr, "llie 
germinal ridge with the thickened germinal epjtheliumi I. liver; j. in- 
testine witli Bpirnl voIvl'. 
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the (1) Wolffian duct dorsally, which remains continuous with 
the excretory tubules of the kidney, and ventrally (2) the 
oviduct or Mullerian duct in the female, and the rudiments 
of this duct in the male. In the female the formation of 
these ducts takes place by a nearly solid rod of cells, being 
gradually split off from the ventral side of all but the foremost 
part of the original segmental duct, with the short undivided 
anterior part of which duct it is continuous in front. Into 
it a very small portion of the lumen of the original seg- 
mental duct is -perhaps continued (PL XX. fig. 1 A, etc.). The 
remainder of the segmental duct (after the loss of its anterior 
section and the part split oflf from its ventral side) forms the 
Wolffian duct. The process of formation of the ducts in the 
male chiefly differs from that in the female in the fact of the 
anterior undivided part of the segmental duct, which forms 
the front end of the Mullerian duct, being shorter, and in the 
column of cells with which it is continuous being from the 
first incomplete. 

The tubuli of the primitive excretory organ undergo further 
important changes. The vesicle at the termination of each 
segmental tube grows forwards towards the preceding tubulus, 
and joins the fourth section of it close to the opening into the 
Wolffian duct (PI. xx. fig. 10). The remainder of the vesicle 
becomes converted into a Malpighian body. By the first of 
these changes a connection is established between the suc- 
cessive segments of the kidney, and though this connection is 
certainly lost (or only represented by fibrous bands) in the 
anterior part of the excretory organs in the adult, and very 
probably in the hinder part, yet it seems most probable that 
traces of it are to be found in presence of the secondary Mal- 
pighian bodies of the majority of segments, which are most 
likely developed from it. 

Up to this time there has been no distinction between the 
anterior and posterior tubuli of the primitive excretory organ 
which alike open into the Wolffian duct. The terminal 
division of the tubuli of a considerable number of the hinder- 
most of these (ten or eleven in Scyllium cauicula), either in 
some species elongate, overlap, and eventually open by aper- 
tures (not usually so numerous, as the separate tubes), on nearly 

19—2 
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the same level, into the hindermost section of the Wolffian duct 
in the female, or into the urinogenital cloaca, formed by the 
coalesced terminal parts of the Wolffian ducts, in the male ; or 
in other species become modified in such a manner as to 
pour their secretion into a single duct on each side, which opens 
in a position corresponding with the numerous ducts of the 
other type (woodcut, fig. 8). It seems that both in Amphi- 
bians and Elasmobranchs the type with a single duct, or ap- 
proximations to it, are more often found in the females than 
in the males. The subject requires however to be more 
worked out in Elasmobranchs*. In both groups the modified 
posterior kidney-segments are probably equivalent to the per- 
manent kidney of the amniotic Vertebrates, and for this reason 
the numerous ducts of the first group or single duct of the 
second were spoken of as ureters. The anterior tubuli of the 
primitive excretory organ retain their early relation to the 
Wolffian duct, and form the Wolffian body. 

The originally separate terminal extremities of the Wolffian 
ducts always coalesce, and form a urinal cloaca, opening by 
a single aperture situated at the extremity of median papilla 
behind the anus. Some of the abdominal openings of the 
segmental tubes in Scyllium, or in other cases all the openings, 
become obliterated. 

In the male the anterior segmental tubes undergo remark- 
able modifications. There appear to grow from the first three 
or four or more of them (though the point is still somewhat 
obscure) branches, which pass to base of the testis and there 
unite into a longitudinal canal, form a network, and receive 
the secretion of the testicular ampullae (woodcut 9, nt). These 
ducts, the vasa efferentia, carry the semen to the Wolffian body, 
but before opening into the tubuli of this they unite into 
the longitudinal canal of the Wolffian body (?.o), from which pass 
off ducts equal in number to the vasa efferentia, each of which 
normally ends in a Malpighian body. From the Malpighian 
body so connected start the convoluted tubuli of what may be 
called the generative segments of the Wolffian body along 

1 Tho reverse of the above rule is the case with Kaja, in the male of 
which a closer approximation to tho single-duct typo is found than in the 
female. 
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which the semen is conveyed to the Wolffian duct (v. d). The 
Wolffian duct itself becomes much contorted and acts as vas 
deferens. 




nt.i. MiUlerian duct ; u.d. Wolffian dvot; t.t. glondnlar tubnli ; 

five of them are represented with opeoingE into the body-CBTity ; d. dnot of 
the poBteriol segmental tubes; ov. ovary. 

In the woodcuts, fig. 8 and 9, are diagrammatically repre- 
sented the chief constitaents of the adult urioogenital organs 
in the two sexes. In the adult female, fig. 8, there are present 
the following parts ; 

(1) The oviduct or Miillerian duct {m.d) split off from the 
segmental duct of the kidneya Each oviduct opens at its anterior 
extremity into the body-cavity, and behind the two oviducts 
have independent communications with the general cloaca. 

(2) The Wolffian ducts {w.d), the other product of the seg- 
mental ducts of the kidneya. They end in front by becoming 
continuous with the tubulus of the anterior segment of the 
Wolffian body on each side, and unite behind to open by a 
common papilla into the cloaca. The Wolffian duct receives 
the secretion of the anterior part of the primitive kidney which 
forms the Wolffian body, 

(3) The ureter (d) which carries off the secretion of the 
kidney proper. It is represented in my dif^p:am in its most 
rare and differentiated condition as a single duct. 

(4) The glandular tubuli (a.t), some of which retain their 
original opening into the body-cavity, and others are without 
them. They are divided into two groups, an anterior forming 
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the Wolffian body, which pour their secretion into the WolflBan 
duct, and a posterior group funning the kiJnej proper, which 
are connected with the ureter. 

Fig. 9. 
or THE CBi:i<MmiTUi Obouts IX 1M asdlt 
M11.E Elasxobbajich, 




m.d, mdiment of MiiUerian dnct ; 
front BJid Berviiig aa vas deferens ; it. 
ropreBented with openinRa into the body-cai 
nt. eentral canal at the baee of the testis ; 
gitndinal canal of the Wolffian ix>d^. 



VE. TMa effereatia ; 



In the male the following parts are present (woodcut 9) : 

(1) The MUllerian duct (md), consisting of a small rudiment 
attached to the liver representing the foremost end of the 
oviduct of the female. 

(2) The Wolffian duct (w.d) which precisely corresponds to 
the Wolffian duct of the female, but, in addition to functioning 
as the duct of the Wolffian body, also acts as a vas deferens (vd). 
In the adult male its foremost part has a very tortuous course. 

(3) The ureter {d), which has the same fundamental consti- 
tution as in the female. 

(4) The segmental tubes {si). The posterior of these have 
the same arrangement in both sexes, but in the male modifica- 
tions take place in connection with the anterior ones to 6t 
them to act as transporters of the testicular products. 

Connected with the anterior ones there are present (1) the 
vasa effiirentia (VE), united on the one hand with (2) the central 
canal in the base of the testis (nt), and on the other with the 
longitudinal canal of the Wolffian body (Lc). From the latter are 



seen pa.'j^iing off the 



tubuli of the anterior 



segments 



of the Wolffian body in connection with which Malpighian bodies 
arc typically iirescnt, though not represented in my diagram. 
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Postscript 

It was my original intention to have given an account of 
the development of the generative organs. In the course, 
however, of my work a number of novel and unexpected points 
turned up, which have considerably protracted my investiga- 
tions, and it has appeared to me better no longer to delay 
the appearance of this monograph, but to publish elsewhere 
my results on the generative organs. In chapter VI. p. 130 et 
seq, the early stages of the generative organs are described, 
but in contemplation of the completion of the account no 
allusion was made to their literature, and more especially to 
Professor Semper's important contributions. I may perhaps 
say that I have been able to confirm the most important result 
to which he and other anatomists have nearly simultaneously 
arrived with respect to Vertebrates, viz. that the primitive 
ova give rise to both the male and female generative products. 
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EXPLANATION OF PLATE I. 



Fig, 1. Section through the germinal disc of a ripe ovarian ovum of 
the Skate. gv, germinsi vesicle. 

Fig, 2. Surface-view of a germinal disc with two furrows. 

Fig8, 3, 4, 5. Surface-views of three germinal discs in different stages 
of segmentation. 

Fig. 6. Section through the germinal disc represented in fig. 3. 
n. nucleus ; x. edge of germinal disa The engraver has not acciptitely 
copied my original drawings in respect to the structure of the segmentar 
tion furrows. 

Figs, 6 a and 6 h. Two furrows of the same germinal disc more highly 
magnified. 

Fig, 6 a a nucleus from the same germinal disc highly magnified. 
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EXPLANATION OF PLATE L 



Fig. 1. Section through the germinal disc of a ripe ovarian ovum of 
the Skate. gv. germinsi vesicle. 

Fig, 2. Surface-view of a germinal disc with two furrows. 

Figs. 3, 4, 5. Surface-views of three germinal discs in different stages 
of segmentation. 

Fig. 6. Section through the germinal disc represented in fig. 3. 
n, nucleus ; x, edge of germinal disc. The engraver has not acci^rately 
copied my original drawings in respect to the structure of the segmentar 
tion furrows. 

Figs. 6 a and 6 &. Two furrows of the same germinal disc more highly 
magnified. 

Fig. 6 ^. A nucleus from the same germinal disc highly magnified. 
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EXPLANATION OF PLATE IL 



Fig, 7. Section through a germinal disc of the same age as that 
represented in fig. 4. n. nucleus; nx, modified nucleus; nx', modi- 
fied nucleus of the yolk; /. furrow appearing in the yolk around the 
germinal disc. 

Figs, la, lb, *!e. Three segments with modified nuclei from the same 
germinal disc. 

IHg. 8. Section through a somewhat older germinal disc ep. epiblast ; 
n\ nuclei of the yolk. 

Figs. Sa,Sb,Se. Modified nuclei from the yolk from the same ger- 
minal disc. 

Fig. 8 d. Segment in the act of division from the same germinal 
disc. 

Fig. 9. Section through a germinal disc in which the segmentation is 
completed. It shows the larger collection of cells at the embryonic end of 
the germinal disc than at the non-embryonia ep. epiblast. 
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ep, epiblast. 

II. lower layer cell. 

m. mesoblast. 

hy, hypoblast. 

sc, segmentation cayity. 

eB, embryo swelling. 

TL. nuclei of yolk. 

1. Longitudinal section of a blastoderm at the first appearance of the 
segmentation cavity. 

2. Longitudinal section through a blastoderm after the layer of cells 
has disappeared from the floor of the segmentation cavity, ha, large cell 
resting on the yolk, probably remaining over from the later periods of 
segmentation. Magnified 60 diameters. (Hardened in chromic acid.) 

The section is intended to illustrate the fact that the nuclei form a 
layer in the yolk under the floor of the segmentation cavity. The roof of 
the segmentation cavity is broken. 

2 a. Portion of same blastoderm highly magnified, to show the characters 
of the nuclei of the yolk ri and the nuclei in the cells of the blastoderm. 

2 &. Lai^e knobbed nucleus from the same blastoderm, very highly 
magnified. 

2 c. Nucleus of yolk from the same blastoderm. 

3. Longitudinal section of blastoderm of same stage as ^%, 2. (Hard- 
ened in chromic acid.) 

4. Longitudinal section of blastoderm slightly older than ^^. 2. 
Magnified 45 diameters. (Hardened in osmic acid.) 

It illustrates (1) the characters of the epiblast ; (2) the embryonic 
swelling ; (3) the segmentation cavity. 

5. Longitudinal section through a blastoderm at the time of the first 
appearance of the embryonic rim, and before the formation of the medul- 
lary groove. Magnified 45 diameters. 
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EXPLANATION OF PLATE IV. 



ep. cpiblast. 

m. myoblast. 

hy. hypoblast. 

er. embryonic rim. 

n. al, cells formed around the nuclei of the yolk which have entered 
the hypoblast. 

c. cell formed around nucleus of yolk. 

mg, medullary groove. 

5 a. Section through the peripheiy of the embryonic rim of the blasto- 
derm of which fig. 5 represents a section. 

6. Section through the embryonic rim of a blastoderm somewhat 
younger than that represented on PL vi. fig. B. 

7. Section through the most projecting portion of the embryonic rim 
of a blastoderm of the same age as that represented on PI. vi. fig. B. 
The section is drawn on a very considerably smaller scale than that on 
PI. iiL fig. 5. It is intended to illustrate the growth of the embryonic 
rim and the disappearance of the segmentation cavity. 

7 a. Section through peripheral portion of the embryonic rim of the 
same blastoderm, higmy magnified. It specially illustrates the formation 
of a cell (c) around a nucleus in the yolk. The nuclei of the blastoderm 
have been inaccurately rendered by the artist. 

8 a, 8 ^, 8 c. Three sections of the same embryo. Inserted mainly to 
illustrate the formation of the mesoblast as two independent lateral masses 
of cells ; only half of each section is represented. 8 a is the most posterior 
of the three sections. In it the mesoblast forms a lairge mass on each side, 
imperfectly separated from the hypoblast. In 8 &, from the anterior part of 
the embryo, the main mass of mesoblast is far smaller, and only forms a 
cap to the hypoblast at the highest point of the medullary fold. In 8 c a 
cap of mesoblast is present, similar to that in 8&, thougn much smaller. 
The sections of these embryos were somewhat oblique, and it has unTor- 
timately happened that wmle in 8 a one side is represented, in 8& and 
8 c the other side is figured, had it not been for this the sections 8^ and 
8 c would have been considerably longer than 8 a. 

9. Longitudinal section of an embryo belonging to a slightly later 
Htage than B. 

This section passes through one of the medullary folds. It illustrates 
the continuity of the hypoblast with the remaining lower layer cells of the 
blastoderm. 
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EXPLANATION OF PLATE V. 

ep, opiblast. 

m. mesoblast. 

hy, hypoblast. 

vp, combined lateral and vertebral plate of mesoblastw 

na, cells to form ventral wall of alimentary canal which have been 
derived from the yolk. 

ly. line separating the jolk from the blastoderm. 

mg, medullary groove. 

n\ nucleus of yolk. 

c, cells formed in the yolk around the nuclei of the yolk. 

10 a, 10 hj 10 c. Three sections of the same embryo belonging to a stage 
slightlv later than B, PI. vi. The space between the mesoblast and the 
hypoblast has been made considerably too great in the figures of the three 
sections. 

10 a. The most posterior of the three sections. It shows the posterior 
flatness of the medullary groove and the two isolated vertebral plates. 

10 h. This section is taken from the anterior part of the same embryo 
and shows the deep medullary groove and the commencing formation of 
the ventral wall of me alimentary canal from the nuclei of the yolk. 

10(7 shows the disappearance of the medullary groove and the 
thinning out of the mesoblast plates in the region of the head. 

11. Small portion of the blastoderm and the subjacent yolk of an 
embryo at the time of the flrst appearance of the meduUary p^oove x 300. 
It shows two lai^ge nuclei of the yolk (n) and the protoplasmic network in 
the yolk between them ; the network is seen to be closer round the nuclei 
than in the intervening space. There are no areas representing cells 
around the nuclei 

12. Nucleus of the yolk in connection with the protoplasmic network 
hardened in osmic acid. 

13. Portion of posterior end of a blastoderm of stage B, showing the 
formation of cells around the nuclei of the yolk. 

14. Section through part of a young Scyllium e%%, about ^ih of an 
inch in diameter. 

n. I, protoplasmic network in yolk. 

z.p, zona pellucida. 

ch. structureless chorion. 

f. ep. follicular epithelium. 

X, structureless membrane external to this. 
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EXPLANATION OF PLATE VL 



«. e. segmentation cavity. 

es, embryo-swelling. 

mg, medullary groove. 

tg, tail-swelling. 

h, head. 

eh, notochord. 

op. eye. 

au,v. auditory vesicle. 

al. alimentary cavity. 

so, 8. somatic stalk. 



I. f?. c, Ist visceral cleft 

vc. visceral cleft. 

mp, muscle-plate or protovcr- 
tebrse. 

in. mouth. 

an, point where anus will appear. 

al. V. alimentary vesicle at the pos- 
terior end of the alimentary 
canal. 

ht, heart. 



A. Surface view of blastoderm of Pristiurus hardened in chromic acid. 

B. Surface view of fresh blastoderm of Pristiurus. 

0, D, E, and F. Pristiurus embryos hardened in chromic acid. 
G. Torpedo embryo viewed as a transparent object. 
H, I. Pristiurus embryos viewed as transparent objects. 
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EXPLANATION OP PLATE VIL 



K. Pristiurus embryo hardened in chromic acid. 

The remainder of the figures are representations of embryos of 
Scyllium canicula hardened in chromic acid. In every case, with the ex- 
ception of the figures marked P and Q, two representations of the same 
embryo are given; one from the side and one from the under sorfoce. 
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EXPLANATION OF PLATE VIIL 

yk, yolk. 

hi, blastoderm. 

a. arteries of yolk sac (red). 

n* veins of yolk sac (bine). 

X. portion of blastoderm outside the arterial circle in which no blood- 
vessels are present 

1 . Yolk of a Pristiurus e%g with blastoderm and embryo. About two- 
thirds of the yolk has been enveloped by the blastoderm. The embryo is 
still situated at the edge of the blaistoderm, but at the end of a bay in the 
outline of this. The thickened edge of the blastoderm is indicated by a 
darker shading. Two arteries have appeared. 

2. Yolk of an older Pristiurus egf^. The yolk has become all but 
enveloped by the blastoderm, and the embryo ceases to lie at tho edge i>f 
the blastoderm, owing to the coalescence of the two sides of the bay which 
existed in the earlier stage. The circulation is now largely developed. It 
consists of an external arterial ring, and an internal venous ring, the latter 
having been developed in the thickened edge of the blastoderm. Outside 
the ari;erial ring no vessels are developed. 

3. The yolk has now become completely enveloped hj the blastoderm. 
The arterial ring has increased in size. The venous nng has vanished, 
owing to the complete enclosure of the yolk by the blastoderm. The point 
where it existed is still indicated iy) by the brush-like termination of the 
main venous trunk in a number of small branphes. 

4. Diagrammatic projection of the vascular system of the yolk sac 
of a somewhat older embr}'o. 

The arterial rin^ has grown much larger and the portion of the yolk 
where no vessels exist is very small {x). The brush-like termination of the 
venous trunk is still to be noticed. 

The two main trunks (arterial and venous) in reality are in close contact 
as in fig. 5, and enter the somatic stalk close t€«;6ther» 

The letter a which points to the venous (blue) trunk should be v and 
not a. 

5. Circulation of the yolk sac of a still older embryo, in which tho 
arterial circle has ceased to exist, owing to the space outside it having 
become smaller and smaller and finally vanished. 



k 



iPv-. . 






:^ 




EXPLANATION OF PLATE IX. 



it hy, hypoblast. 

ced lateral and vertebral plate of mesoblast. 

diary groove. n c. neural or medullary canal. 

rertebra. «o. somatopleure. 

inoplenre. ts, mesoblast of tail-swelling. 

. dorsalis or notochord. 

of hypoblast, which will become separated off as the noto- 

bary canaL 

formed around the nuclei of the yolk to enter into the ventral 

nentarv canal. 

[ of yolk. yk. yolk spherules. 

&. 1 c. Three sections from the same embryo belonging to a 
liatp between B and C, of which fig. 1 a is the most anterior. 
rs. 

OS illustrate (1) The different characters of the medullary 
different regions of the embryo. (2) The structure of the 
ral and vertebral plates. (3) The mode of formation of the 
k thickening of the hypoblast {ch\ which eventually becomes 
1 the hypoblast as an elliptical rod (1 a. ch\ 

ction through the anterior part of an embryo belonging te 
section is mainly intended to illustrate the formation of the 
' the alimentary canal from cells formed around the nuclei of 
also shews the shallowness of the medullary groove in the 
>f the body. 

h, 2 c. Three sections from the same embryo as fig. 2 Fig. 2 a 
iterior of the three sections and is taken through a point 
it of fig. 2. The figures illustrate the general features of an 
^ Cy more especially the complete closing of the alimentary 
and the triangular section which it there presents. 

ction through the posterior part of an embryo belonging to 

diameters. 

le general features of layer during the stage, more especially 

tion of somatic and splanchnic layers of the mesoblast. 

\Zc,Zd.Z e. 3/ Sections of the same embryo as fig. 3 ( x 60 
'ig. 3 belongs te part of the embryo intermediate between fig. 

IS shew the features of various pai*ts of the embryo. Fig. 3 a. 
elong te the head, and special attention shoula be paid to 
f a cavity in the mesoblast in 3 & and to ventral curvature of 
folds. 

longs to the neck, fig. 3« to the back, and fig. 3/ to the tail. 

ction through the region of the tail at the commencement of 
diameters. 

n shews the character of the tail-swellings and the com- 
re of the medullary groove. 

msverse section through the anterior part of the head of an 
^ing te stage F. ( x 60 diameters). It shews (1) the ventral 
the medullary folds next the head. (2) The absence of 
be anterior part of the head, hy points te the extreme front 
uentary canal. 
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"Nation of plate x. ^'i^^ f*ii: 

ete Hit of r^erence lettert. 

loraal fin. »p. e. apinal cord. 

■nal cord. nc. oeural canal. 

^nal nerve. 

nal nerve. mp. ninscle-plate. 

id of muscles from the splanchnic layer of the 

t. M, somatic laver of mesoblast. 

mesoblast jip. Ijodj-cavity, 

e. connective- tissue cells. 
$t. segmental tube. po. primitive ovum. 

ca V. cardinal vein. «v. sinus venoans. 

nchnic vein. ch. notochord. 

al. alimentary tract. tp. v. spiral valva 
the nenial and alimentary canals. 
plasm from yolk in the alimentary tract 

the candal region of a Pristiuros embryo be- 

I C. Ocnl. 1. Osmic add specimen. 

riction of the subnotochordal rod (x) from the 

f canal. (2) The formation of the body-cavity 

le ventral thickening of the parietal plate. 

limentary nail of t£o same embryo, shewing the 

herd rod (x). 

gh the caudal vesicle of a Pristiums embryo be- 

9 0. Ocul. 1. 

condition of the alimentary vesicle and the fusion 

iblast at the caudal veiucle. 

m the caudal region of a Pristiums embryo be- 

s 0. Ocul. I. Picric acid specimen. 

cation which exists posteriorly between the neural 

i also by comparison with :t& it exhibits the dila- 



the cardiac region of a Pristjums embryo be- 
s C. Ocul. 1. Osmic acid specimen. 
1 of the heart (hi) as a cavity between the splanch- 
Jie throat. 

the posterior dorsal region of a Bcyllium embryo, 
BJss C. OcdL 1. Osmic acid specimen. 
eaturos of an embryo of stage H, more especially 
^cavity in the parietal and vertebral portions of 
:arly formed band of muscle (mp') in the splanchnic 
A 

the (esophageal r^on of Scyllium embryo be- 
I G. Ocul. 1. Chromic acid specimen. 



It ahews the formation of the rodiments of the posterior nerve-roots 
ipr) and <tf the Tertelxral mdhnenta ( Fr). 

Fig. 7. Section of a Torpedo embryo belonging to stage slightly later 
than I. Zeiss 0. OcaL 1. reduced \, Osmic acid specimen. 

It shews (1) the fnrmation of the anterior and posterior nerve-roots. 
(2) llie solid knob from which the segmental duct {sd) originates. 

Ffg. 8. Section from the dorsal region of a S^lHum embryo belonging 
to a stage faitennediate between I and K Zeiss 0. OcuL 1. Chromic add 
specimen. 

It ilhistnites the sbroctore of the primitive ova, segmental tubes, noto- 
dnndf etc 

Fig. 8a. Section flrom the caudal region of an ^nbryo of the same age 
as a Zeiss A. OcoL 1. 

Itshews (1) the solid oesoi^iagos. (2) The narrow passage connecting 
the pericardial (pe) and body cavities (pp). 



EXPLANATION OF PLATE XI. 
Complete list of reference letters. • 

klast. sp. e. spinal canal. 

iment of posterior root of spinal nerve. 

3^ ,y anterior root of spinal nerve. 

nor fin. mp, mu&cle-plate. 

Tly formed band of muscles. Vr, vertebral radiment. 

Ly-cavity. um. umbilical cord. sd, segmental duct. 

aental tube. sr, inter-renal body. po, primitive ovum. 

ulnal epithelium. ec. visceral clefb. ao, dorsal aorta. 

jrdinal vein. v. splanchnic vein. 

bilical artery. uv, umbilical vein. 

l-yesseL ch, notochord. 

icaLur sheath of notochord. a. subnotochordal rod (except 

I. 

lentary tract /. liver. 

bt where anus will be formed. 

Section of a Pristiurus embryo belonging to stage K. Zeiss A. 
yame add si)ecimen. 

^B the formation of the liver (Q, the structure of the anterior fins 
e anterior opening of the segmental duct into the body-cavity {sd), 
y 96, ^y 9d, >Four sections through the anterior region of the 
yo as 9^ Osmic acid specimens. 

stAoDS shew (1) the atrophy of the post-anal section of the ali- 
act {9b, 9c, 9a). (2) The existence of the segmental tubes behind 
ib, 9e, 9d), With reference to these it deserves to be noted that 
ital tubes behind the anus are quite disconnected, as is proved 
» that a tube is absent on one side in 9^ but reappears in 9d, 
>wnward prolongation of the segmental duct to join the posterior 
extremity of the alimentary tract (9b). 

', Longitudinal and horizontal section of a Scyllium embryo of 
Zeiss C. Ocul. I. Reduced by J. Picric acid specimen. 
re (1) the structure of the notochord ; (2) the appearance of the 
ed band of muscles {mp'.) in the splanchnic layer of the proto- 

. Longitudinal and horizontal sections of an embryo belonging 
Zeiss 0. OcuL 1. Chromic acid specimen. It illustrates the same 

he previous section, but in addition shews the formation of the 
of the vertebral bodies ( Vr) which are seen to have the same 

um as the muscle-plates. 

} Longitudinal and horizontal section of an embryo belonging to 
intermediate between I and K. Zeiss C. Ocul. I. Osmic acid 
Ilustrating the same points as the previous section. 

pparent structure in the sheath of tjie notochord in this and the snc- 
ire is merely the result of an attempt on the part of the engraver 
it the dark colour of the sheath in the original figure. II 



Fiff. 13. Longitudinal and horizontal section of an embryo belonging to 
stage K, Zeiss C. Ocul. 1, and illustrating same points as previous section. 

Fig. 14/1, 14^, 14c, 14^. Figures taken from preparations of an embryo 
of an age intermediate between I and K, and illustrating the structure of 
the primitive ova. Fig. 14a and I4b are portions of transverse sections. 
Zeiss C. OcuL 3 reduced j^. Fig. 14c and 14^ are individual ova, shewiug 
the lobate form of nucleus. Zeiss F. Ocul. 2. 

Fig. 15. Osmic acid preparation of primitive ova belonging to stage E. 
Zeiss immersion No. 2, Ocul. 1. The protoplasm of the ova is seen to be 
nearly filled with bodies resembling yolk-spherules : and one ovum is ap- 
parently undergoing division. 

Fig. 15a. Picric acid preparation shewing a primitive ovum partially 
filled with bodies resembling yolk-spherules. 

Fig. 16. Horizontal and longitudinal section of Scyllium embryo be- 
longing to stage K. Zeiss A. OcuL 1. Picric acid preparation. The con- 
ne<%ve-tis8ue cells are omitted. 

The section shews that there is one segmental tube to each vertebral 
segment. 

Fig. 17. Portion of a Scyllium embryo belonging to stage K, viewed a8 
a transparent object. 

It shews the segmental duct and the segmental involutions— two of 
which are seen to belong to segments behind the end of the alimentary 
tracts. 

Fig. 18. Vertical londtudinal section of a Scyllium embryo belonging 
to sti^e K. Zeiss A. OcuL 1. Hardened in a mixture of osmic and 
chromic acid. It shews 

(1) the commissures connecting together the posterior roots of the 

spinal nerves ; 

(2) the junction of the anterior and posterior roots ; 

(3) the relations of the segmental ducts to the segmental involutions 

and the alternation of calibre in the segmental tube ; 

(4) the germinal epithelium lining the body-cavity. 



EXPLANATION OF PLATE XIL 



Complete lUt of rtference letters, 

i. ip» c. spinal cord. / 1, lateral line. 

I ganglion. m. c. mucous canal of the head. 

. fiiteralis. v, in, intestinal branch of the vagus. 

3 ophthalmicus of the fifth nerve. 

le-plate. m. p', muscles of muscle-plate. 

bral arch. na, neural arch. ha. haemal arch. 

iess, m, el. membrana elastica externa. 

■al body. ch, notochord. sh. sheath of notochord. 

chorda! rod. gy. g, sympathetic ganglion. 

ital duct. I, liver. al, alimentary tract. 

dboledochus. ao. aorta. ca v. cardinal vein. 

Lai vein. v. blood-vessel. c, connective tissue. 

^ion through the anterior part of an embryo of Scyllium 
z stage L. 

hurge cells which are found at the dorsal part of the spinal 
[letic ganglion shewn at sy, g. Zeiss A, ocul. 1. 

3tion through the lateral line at the time of its first formation, 
larked n. I. were not sufficiently distinct to make it quite 
)y really formed part of the lateral nerve. Zeiss B, ocul. 2. 

ZcZd, Four sections of the lateral line from an embryo 
age L. 3a is the most anterior. In 3 a the lateral nerve 
> Be in the mesoblast at some little distance from the lateral 
id 3(7 it lies in immediate contact with and partly enclosed 
L epiblast cells of the lateral line. In 3«?, the hindermost 
oral line is much laiger than in the other sections, but no 
t of the lateral nerve. The sections were taken from the 
I of my series of the embryo (the series commencing at the 
). 3r (64). 35 (84). 3a (93). The figures all drawn on the same 

not from the same side of the body as the other sections. 

3tion through lateral line of an embryo of stage P at the 
* is acquiring an opening to the exterior. The peculiar 
»f its innermost part deserve to foe noticed. Zeiss D, ocul. 2. 

icons canals of the head with branches of the ramus ophthal- 
towards them. Stage 0. Zeiss A, ocul. 2. 

icons canals of head with branches of the ramus ophthal- 
towards them. Stage between and P. Zeiss aa, ocul. 2. 

iction of a nerve and mucous canaL Stage P. Zeiss D, 



1 



\ 



I 



Qgitudinal and horizontal section through the muscle-plates 
tructures at a stage intermediate between L and M. The 
ided to shew the gradual conversion of the cells of the 
f muscle-plates into muscles. 

ngitudinal section through the notochord ^nd ^V^ykvsl*^ 



parte to shew the first appearance of the cartilaginous notochordal sheath 
which forms the vertebral centra. Stage N. 

Fig. 10. Transverse section through the tail of an embryo of stage P to 
shew the coexistence of the rib-process and haemal arches in the first few 
sections behind the x)oint whore the latter appear. Zeiss C, ocid. 1. 

Fig, 11. Transverse section through the centre of a caudal vertebra 
of an embryo somewhat older than Q. It shews (1) the similarity between 
the arch-Ui^ue and the hyaline tissue of the outer layer of the vertebral 
centrum, and (2) the separation of the two by the membrana elastica 
external (m. «/) It shews also the differentiation of three layers in the 
vertebral centrum : vide p. 153. 

* The slight difference observable beWeen these two tissues in the arrange- 
ment ortheir nuolei has been much exaggerated by the engraver. 



nccuna. 




EXPLANATION OF PLATE XIIL 



This Plate illustrates the Formation op the Spinal Nerves. 



Complete list of r^erence letters. 

p r. posterior root of a spinal nerve. 
a r. anterior root of a spmal nerve. n. spinal nerve. 

spg. ganglion on posterior root of spinal nerve. 
com, commissure connecting the posterior roots of the spinal nerves. 
w. white matter of spinal cord. n.c, neural canal. 

y. point where the spinal cord became segmented off from the super- 
jacent epiblast. 

i. mesoblastic investment of spinal cord. m.p. muscle-plate. 
V, r, vertebral rudiment. ch, notochord. 

Fig, 1, 2, and 3. Three sections of a Pristiurus embryo belonging to 
stage I. Fig. 1 passes through the heart, fig. 2 through the anterior part 
of the dorsal region, fig. 3 through a point slightly behind this. (Zeiss CO, 
ocuL 2.) In fig. 3 there is visible a slight proliferation of cells from the 
dorsal summit of the neural canal. In fig. 2 this proliferation definitely con- 
stitutes two club-shaped masses of cells (p r) — the rudiments of the posterior 
nerve-roots, — ^both attached to the dorsal summit of the spinal cord. In 
fig. 1 the radiments of the posterior roots are of considerable length. 

Fig. 4. Section through the dorsal region of a Torpedo embryo slightly 
older than stage I, with three visceral clefts. (Zeiss CO, ocul. 2.) The section 
shews the formation of a pair of dorsal nerve-rudiments {p r) and a ventral 
nerve-rudiment {ar). The latter is shewn in its youngest condition, and is 
not distinctly cellular. 

Fig, 5. Section through the dorsal region of a Torpedo embryo slightly 
younger than stage K. (Zeiss CO, ocul. 2.) The connective-tissue cells are 
omitted. The rudiment of the ganglion {sp, g.) on the posterior root has 
appeared, and the junction of posterior root with the cord is difficult to 
detect. The anterior root forms an elongated cellular structure. 

Fig. 6. Section through the dorsal region of a Pristiurus embryo of 
stage K. (Zeiss CO, ocul. 2.) The section especially illustrates the attach- 
ment of the posterior root to the spinal cord. 

Fig. 7. Section through the same embiyo as fig. 6. (Zeiss CO, ocul. 1.) 
The section contains an anterior root, which takes its origin at a point 
opposite the interval between two posterior roots. 

Fig. 8. A series of posterior roots with their central ends united by a 
dorsal commissure, from a longitudinal and vertical section of a Scyllium 
embryo belonging to a stage intermediate between L and M. The embryo 
was liardened in a mixture of osmic and chromic acids. 

Fig. 9. The central end of a posterior nerve-root from the same embryo, 
with the commissure springing out from it on either side. 
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BXPLANATION OF PLATE XIV. 
The Head dubinq stages G — K. 

Complete list qf rtferences. 

spiUast. op. eye. op, v, optic vesicle. 

irye. /. lens. Ch. choroid slit. 

ambrane. ol, olfactory pit. au, v, auditory vesicle. 

y nerve. au.p, auditory pit. 

: of epiblast to form the auditory pit 

4ier. cerebrum. pn. pineal gland, 
ody. In. infundibulum. 
1. bb. base of brain. b, wall of brain. 
B. cb. cerebellum. iv. e. fourth ventricla 
»rd. 

opth, v. ophthalmic branch of fifth. mtu v. mandi- 
rth. viL seventh or facial nerve. {^l. glossopharyngeal 
>mmissure connecting roots of vagus nerve. 
jp, posterior root of spinal nerve. 
mty 4second, etc. section of body cavity in the head. 

at the base of the brain. 

V, e. visceral defL 1, 2, 3 etc. e,ff, external gills. 

canaL Th, thyroid body. 
1 «. a. 2 a. a. etc. 1st, 2d, etc. aortic arck 
ir cardinal vein. v, blood-vessel 
elation, 
ire. sp. splanchnopleure. 

of a Pristiurus embryo of stage K viewed as a transparent 

ich deserve special attention are: (1) The sections of the 
e head (pp.). The first or premandibular section being 
the eye. The second in the mandibular arch. Above this 
e bifurcates. The third at the summit of the hyoid arch, 
erves and the general appearance of tLe brain are well 
re. 

I cannot be traced in the liviug embiyo so far forward as 
. It has been inserted according to the position which 
»y in sections. 

1 of an embryo of Scyllium canicuia somewhat later than InH 

as a transparent object. ■■** 

)ws the condition of the brain ; the branches of the fifth 
ves (v. vii.); the rudiments of the semicircular canals; 
cing appearance of the external gills as buds on both 
and 4tn clefts. The external gills have not appeared on 
jcle. 

>n through the head of a Pristiurus embyro during stage G. 
!th nerve (v.) arising as an outgrowth from the dorsal summit 
The optic vesicles not yet constricted off from the fore-brain. 



Fig. 4 a and 4 b. Two flections throngli the head of a Prisiiiinis embrvo 
of stage L They Aew (1) the appearance of the seventh nenre. (2) The 
portioo of the body cavity belonging to the first and second visceral arches. 
(3) The commencing thickening of epiblast to form the auditoiy involution. 

In 4 b, the posterior of the two sections, no trace of an auditory nerve is 
to be seen. 

Fig. 5 a and 5b. Two sections through the head of a Torpedo embryo 
witli 3 visceral clefts. Zeiss A, ocnl. 1. 

5 a shews the formation of the thin roof of the fourth ventricle by a 
divarication of Uie two lateral halves of the brain. 

Both sections shew the commencing formation of the thyroid body {th) 
at the base of the mandibular arch. 

They also illustrate the formation of the visceral clefts by an outgrowth 
from the alimentary tract without any corre8ix>nding ingrowth of the external 
epiblast 

Fig. 6. Section through the hind-brain of a somewhat older Torpedo 
embryo. Zeiss A, ocul. 1. 

The section shews (i; the attachment of a branch of the vagus to the 
walls of the hiud-brain. (2) The peculiar form of the hind-brain. 

Fig. 7. Transverse section through the head of a Pristiurus embryo 
belonging to a stage intermediate between I and K, passing through both 
the fore-brain and the hind-brain. Zeiss A, ocul. 1. 

The section illustrates (1) the formation of the pituitary body (pt) from 
the mouth involution (m)^ and proves that, although the wall of the throat 
(al) is in contact witn the mouth involution, there is by this stage no 
communication between the two. (2) The eye. (3) The sections of the 
body cavity in the head, I pp. 2 pp. (4) The fifth nerve (v.) and the seventh 
nerve (vii.). 

Fig. 8. Transverse section through the brain of a rather older embrvo 
than fig. 7. It shews the ventral junction of the antenor sections of the 
body cavity in the head, 1 pp. 

Fig. 9 a and 95. Two longitudinal sections through the brain of a 
Pristiuru8 embryo belonging to a stage intermediate between I and K. 
(Zeiss A, ocul. 1.) 

Fig. 9/Tf is taken througfh the median line, but is reconstructed fit)m 
two sections. It shews (1) The divisions of the brain — The cerebrum and 
thalanieiicei)hal()n in the fore-brain ; the mid-brain ; the commencing 
cerebellum in the liiud-brain. (2) The relation of the mouth involution 
to the infundibulum. (.S) The termination of the notocliord. 

Fig. 95 is a section to one side of the same brain. It shews (1) The 
divisions of the brain. (2) The point of outgrowth of the optic nerves, op. n. 
(3) The sections of the body cavity in the head and the bifurcation of the 
optic nerve over the 2ud of these. 

Fig. 10. Longitudinal section through the head of a Pristiurus embryo 
somewhat younger than fig. 9. Zeiss a, ocul 4. It shews the relation of 
the nerves and the junction of the fifth, seventh, and auditory nerves with 
the brain. 

Fig. 11. Longitudinal section through the fore-brain of a Pristiurus 
embrj'o of stage K, slightly to one side of the middle line. It shews the 
deep constriction separating the thalamencephalon from the cerebral hemi- 
spheres. 

Fig. 12. Longitudinal section through the base of the brain of an 
embryo of a sttige intermediate between I and K. 



It shews (1) The condition of the end of the notochord. (2) The relation 
of mouth involution to the infundibulum. 

Fig. 13 a. Longitudinal and horizontal section through part of the head 
of a Pristiurus embryo rather older than K. Zeiss A, ocul. 1. , ^ 

The figure contains the eye cut through in the plane of the choroid slit. 
Thus the optic nerve {pp. n) and choroid slit {ch) are both exhibited. 
Through the latter is seen passing mesoblast accompanied by a blood- 
vessel {v). Op represents part of the optic vesicle to one side of the choroid 
slit. 

No mesoblast can be seen passing round the outside of the optic cup ; 
and the only mesoblast which enters the optic cup passes through the 
choroid slit. 

Fig. 13 6. Transverse section through the last arch but one of the same 
embryo as 13 a. Zeiss A, ocul. 1. 

The figure shews (1) The mode of formation of a visceral cleft without 
any involution of the external skin. (2) The head cavity in the arch and 
its situation in relation to the aortic arch. 

Fig. 14. Surface view of the nasal pit of an embryo of same age as fig. 13, 
considerably magnified. The specimen was preparea by removing the nasal 
pit, flattening it out and mounting in glycerine arter treatment with 
chromic acid. It shews the primitive arrangement of the Schneiderian 
folds. One side has been injured. 

Fig. 15 a and 15 6. Two longitudinal and vertical sections through 
the head of a Pristiurus embryo belonging to stage K. Zeiss a, ocul. 3. 

Fig. 15 a is the most su(>erficial section of the two. It shews the con- 
stitution of the seventh and fifth nerves, and of the intestinal branch of the 
vagus. The anterior branch of the seventh nerve deserves a special notice. 

Fig. 166 mainly illustrates the dorsal commissure of the vagus nerve {com) 
continuous with the dorsal commissures of the posterior root of the spinal 
nerves. 

Fig. 16. Two longitudinal and vertical sections of the head of a 
Pristiurus embryo belonging to the end of stage K. Zeiss a, ocul. 1. 

Fig. 16 a passes through the median line of the brain and shews the 
infundibulum, notochord and pituitary body, etc. 

The pituitary body still opens into the mouth, though the septum 
between the mouth and the throat is broken through. 

Fig. 16 6 is a more superficial section shewing the head cavities pp, 1, 2, 
3, and the lower vagus commissure. 
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EXPLANATION OF PLATE XV. 

Complete list of references, 

cer, cerebral hemispheres. ch, notochord. 

I V. lateral ventricle. p cl. posterior clinoid. 

pn. pineal gland. mn, mandible. 

X, rudiment of septum which will grow backwards and divide the 
ipaired cerebral rudiment into the two hemispheres. 
c in, internal carotid. op, n, optic nerve. 

op, eye. in, infundibulum. pt, pituitary body. 

oL olfactory pit ol. I, olfactory lobe. 

op. th, optic thalamus. p c, posterior commissura 

m b, mia-brain> or optic lobes. cb, cerebellum. 

md. medulla oblongata. iv. v, fourth ventricle. 

/t, fasciculi teretes. r t, restiform tracts. 

t V, tela vascidosa of the roof of the fourth ventricle. 
au, V, auditory vesicle. vii. seventh nerve. 

Fig. la, lb, Ic, Longitudinal sections of the brain of a Scyllimn 
ibryo belonging to stage L. Zeiss a, ocul. 1. 

1 a is taken slightly to one side of the middle line, and shews the 

leral features of the brain, and more especially the infundibulum {in,) 
id pituitary body (pt). 

Ibis through the median line of the pineal gland. 

1 <; is through the median line of the base of the brain, and shews the 
itochord {ch,) and pituitary body (pt); the latter still communicating^ with 
le mouth. It also shews the wide opening into the infundibulum in tlie 
iddle line of the base of the brain. 

Fig. 2. Section through the unpaired cerebral rudiment during stage 
>, to shew the origin of the olfactory lobe and the olfactory nerve. The 
litter is seen to divide into numerous branches, ono of which passes into 
lach Schneiderian fold. At its origin are numerous ganglion cells repre- 
sented by dots. Zeiss a, ocuL 2. 

Fig. 3. Horizontal section through the three lobes of the brain daring 
itage 0. Zeiss a, ocul. 2. 

The figure shews (1) the very slight indications which have appeared 
by this stage of an ingrowth to divide the cerebral rudiment into two 
kobes, X. (2) The optic thalami united by a posterior commissure, and on 
3ne side joining the base of the mid-brain, and behind them the pineal 
{land. (3) The thin posterior wall of the cerebral rudiment with folds 
projecting into the cerebral cavity. 

Fig, 4a, 4b, 4c, Views from the side, from above, and from below, of 
ft brain of Scyllium canicula during stage P. In the view from the side 
the eye (op.) has not been removed. 

The bilobed appearance both of the mid-brain and cerebellum should 
be noticed. 

Fig, 5. Longitudinal section of a brain of Scyllium canicula daring 
itage r. Zeiss a, ocuL 2. 
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EXPLANATION OP PLATE XVL 



Complete list of r^erences. 

nerve. 

u. ramus ophthalmicus of fifth nerve. 

yy maxillae superioris of fifth nerve. 
„ mandibulans of fifth nerve. 
enth nerve. 
. mandibular (spiracular) branch of seventh nerve. ' 

hyoid branch of seventh nerve, 
interior branch of seventh nerve, 
aopharyngeal nerve. vg. vagus nerve. 

x>ots of vagus nerves in the brain. 

n. commissure uniting the roots of the vagus, and continuous 
lissure xmiting the posterior roots of the spinal nerves. 

intestinal branch of vagus. 

brancliial branch of vagus. 

rvus lateralis. p r. posterior root of spinal nerva 

iterior root of spinal nerve. v c, visceral cleft, 

iracle. aw. v. auditory vesicle. op, eye. 

ictory pit. cer. cerebrum. ch, notochord. 

parachordal cartilaga II. lateral line, 

ad cavity. hy. m, hyaloid membrane, 

processus falciformis. rL retina, 

ithelial layer of choroid membrane. v h, vitreous humour. 

. Diagram of cranial nerves at stage L. 

cription of the part of this referring to the vagus and glosso- 
d nerves is given at p. 203. It should be noticed that there are 
(trands indicated as springing from the spinal cord to form the 
. glossopharyngeal nerves. It is however probable that there are 
. the firat a greater number of strands than this. 

. Section through the hinder part of the medulla oblongata, 
veen K and L. Zeiss A, ocul. 2. 

WB (1) The vagus commissure with branches on one side from the 
(2) The intestinal branch of the vagus giving off a nerve to the 
e. 

I Longitudinal and vertical section through the head of a 
nnbryo of stage L. Zeiss a, ocul. 2. 

ws ttie course of the anterior branch of the seventh nerve (vii) ; 
with relation to the ophthalmic branch of the fifth nerve (v. o. th), 

a and 4 b. Two horizontal and longitudinal sections through the 

Scyllium embryo belonging to stage 0. Zeiss a, ocul. 2. 

}he most dorsal of the two sections, and shews the course of the 

»ranch of the seventh nerve above the eye. 

a slightly more ventral section, and shews the course of the fifth 
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Fiff, fi. Longttndinal And horiioiital seciicm through fhe hhid4>raiii 
at Blii^ O. abewnig the rooU of the Tagns and glossopharyngeal nenrea in 
the bnin. Zeiaa S, ocqL 8. 

There I4>pear8 to he one root in the hrain for the glossopharyngeal, 
and at least six for the ▼ajp;ii8. The fibres from the roots divide in many 
eases into two bundles before kaying the brain. Swellings of the brain 
toiraids the interior of the fourth fentride are in connection witli the first 
five roots of the vagus, and the gloasoi^iaiyngeal root ; and a swelling ia 
also intercalated between the first Tagus root and the glossopharyngeal 
rooii 

Itff, 6. Horiiontal section through a part of the choroid slit at stage 
P. Zeiss B^ ocuL S. 

The figure shews (1) the rudimentair processus Mcifonms (p, fcU.) 
giTing origin to the ritreons humour ; and (2) the hyaloid membrane [hy, m.) 
which Is seen to adhere to the retina^ and not to the vitreous humour or 
prooeiBUS fiUdfiMinis. 
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EXPLANATION OP PLATE XVIL 
Complete list of rtference letters. 

Nervous System. 

symiMtthetic ganglion. sp, n, spinal nerve, 
posterior root of spinal nerve. a r, anterior root of spinal nerve, 
neural canal. 

Alimentary Canal. 

imentary canal. um, c, umbilical canal. 

. ductus choledochus. du, duodenum. pan. pancreas. 

intestine with rudiment of spiral valve. s. oes, solid oesophagus. 

caudal vesicle of the postanal gut. cL al, cloacal section of ali- 

canal. 

General. 

Dduscle-plate. 

, muscle-plate sending a prolongation into the limb. 
)gmental tube. s d, segmental duct. ca. v. cardinal vein. 
e. caudal vein. oo. dorsal aorta. aur, auricle of heart, 
otochord. p o. primitive ovum. ir, interrenal body, 
ody-cavity. ep.pp. epithelial lining of the body-cavity, 
aesentery. t s. tail swelling. x, subnotochordal rod. 

I. Transverse section through the anterior abdominal region of 
yo of a stage between K and L. Zeiss B, ocul. 2. Reduced 

lection illustrates the junction of a sympathetic ganglion with a 
Tve and the sprouting of the muscle-plates into the limbs {mp, I.). 

\, Transverse section through the abdominal region of an embryo 
1^ to stage L. Zeiss B, ocul. 2. Reduced one-third, 
section illustrates the junction of a sympathetic ganglion with a 
)rve, and also the commencing formation of a branch from the 
ill solid) which will pass through the sympathetic ganglion, and 
) first sign of the conversion of part of a sympathetic ganglion into 
e suprarenal bodies. 

3. Longitudinal and vertical section of an embryo of a stage 
L and M, shewing the successive junctions of the spinal nerves 
)athetic ganglia. 

L. Section through the solid oesophagus during stage L. Zeiss 
I. The section is taken through the region of the heart, so that 
f of the auricle {aur) lies immediately below the oesophagus. 

». Optical section of the tail of an embryo between stages I and 
Qg the junction between the neural and alimentary canals. 

). Four sections through the caudal region of an embryo belong- 
age K, shewing the condition of the postanal section of the 
•y tract. Zeiss A, ocul. 2. An explanation of these 6gures is given 

7. Section through the interrenal body of a Scyllium embryo 
; to stage Q. Zeiss C, ocul. 2. 

8. Portion of a section of the interrenal body of an adult 
Zeiss C, ocul. 2. 
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EXPLANATION OF PLATE XVIIL 
Complete list of r^erence letters. 
Nervous System. 
nal nerve. sy. g, sympathetic ganglion. n. nerve. 

Alimentary Canal. 

u in, cl. cloacal involution. oe. ep, oesophageal epithelium. 
Idbody. pan. pancreas. 

General. 

' cavity. ca. v. cardinal vein. . cau. v, caudal vein. 

itral aorta (anterior continuation of bulbus arteriosus). 

Icle. ven, ventricle. w. d. WolflBan duct. o. d, oviduct. 

cib.p, abdominal pocket (pore). p c. pericardium, 
iflcles. 8 r, suprarenal body. ly. lymphoid tissue. 
, \h, 1 c. Three sections through the cloacal region of an 
Qging to stage 0. Fig. 1 a is the anterior of the three sections. 
L 2. Reduced one-third. 

shews the cloacal involution at its deepest part abutting 
d section of the alimentary tract 

!s a section through a point somewhat behind this close to the 
lie Wolffian ducts into the cloaca. 

jhews the opening to the exterior in the posterior part of the 
Jso the rudiments of the two abdominal pockets (ab,p,). 

Section through the cloacal region of an embryo belonging to ■; 

)iss A, ocul. 2. |i 

e shews tlie solid anterior extremity of the cloacal involution. 

Longitudinal vertical section through the thyroid body in a 
m O and P. Zeiss aa, ocul. 1. 

•e shews the solid thyroid body (ih,) connected in front with 
;erminating below the bulbus arteriosus. 

'ancreas (pan) and adjoining part of the alimentary tract in 
section, from an embryo between stages L and M. Zeiss A, 

Portion of liver network of stage L. Zeiss. C ocul. 2. The 
tended to illustrate the fact that the tubules, or cylinders of 
^er is composed are hollow and not solid. Between the liver 
seen blood spaces with distinct walls, and blood corpuscles in 

r. 

Section through part of one of the suprarenal bodies of an 
im hardened in chromic acid. Zeiss C, ocul. 2. The section 
»lumnar cells forming the cortex and the more polygonal cells 
la. 

Transverse section through the anterior suprarenal body of an 

m. Zeiss B, ocul. 2. Reduced one-third. The tissue of the 

ody has not been filled in, but only the sympathetic ganglion 

ire seen to be irregularly, scattered through the substance of 

The entrance of the nerve (n) is shewn, and indications are g 

distribution of the nerve- fibres. 

Section through the sympathetic ganglion of a Scyllium embryo 
ges M and N, sliewing the connecting trunk between the 
)ody and the spinal nerve (sp. n.), and the appearance of 
1 in the ganglion of a portion more directly connected with the 
s D, ocul. 2. 

Section through one of the anterior sympathetic ganglia of an 
age Q, shewing its division into a true ganglionic portion («y.p'.), 
enal body {s r). Zeiss C, ocul. 2. 
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EXPLANATION OF PLATE XIX. 

Complete list of reference letters, 

a.mff, accessory Malpighian body. k, true kidney, 

/. c, longitudinal canal of the Wolffian body connected with vasa 

efferentia. 

nt, network and central canal at the base of the testis. 

0. external aperture of unnal cloaca. 

0. u, openings of ureters in Wolffian duct in the female (Fig. 3). 

p. mg, primary Malpighian body. 

r. at, rudimentary segmental tube. 

. s, b. seminal bladder. st. segmental tube. 

st,o, opening of segmental tube into body-cavity. 

t, testis. u, ureters. v, e, vas efferens. 

to, b. Wolffian body. tc, d. Wolffian duct. 

Fig. I, Diagrammatic representation of excretory organs on one side of 
a male Scyllium canicula, natural size. 

Fig, 2. Diagrammatic representation of the kidney proper on one side 
of a female Scyllium canicula, natural size, shewing the ducts of tlie kidney 
and the dilated portion of the Wolffian duct. 

Fig. 3. Opening of the ureters into the Wolffian duct of a female 
Scyllium canicula. The figure represents the Wolffian ducts (w,d) witii 
ventral portion remoyed so as to expose their inner surface, and shews ^e 
junction of the two W. ducts to form the common urinal cloaca, the 
single external opening of this (o), and openings of ureters into one Wolffian 
duct {ou). 

Fig, 4, Anterior extremity of Wolffian body of a ^oung male Scyllium 
canicula shewing the vasa efferentia and their connection with the kidneys 
and the testis. The vasa efferentia and longitudinal canal are coloured 
to render them distinct. They are intended to be continuous with the 
uncoloured coils of the Wolffian body, though this connection has not been 
yery successfully rendered by the artist. 

Fig, 6. Part of the Wolffian body of a nearly ripe male embryo of 
Scyllium canicula as a transparent object. Zeiss a a, ocul. 3. The figure 
shews two segmental tubes opening into the body-cavity and connected 
with a primary Malpighian body, and also, by a fibrous connection, with 
a aeconaary Malpighian body of preceding segment. It also shews one seg- 
mental tube (r,8t) imperfectly connected vnth the accessoir Malpighian 
body of the preceding segment of the kidney. The coils of the kidney are 
represented somewhat diagrammatically. 



- V* ^ ^""^ dfcwnUfc of a male anbvyo of ScylUiiin caniciila eight 
oentimelm fai ]«4(t]i. MHaayOOoLS. 

TImto an teen to be at the kait dx and pottdbly seven distinct vasa 
ffoiof to as minr s^gnunts of the Wolffian body and connected with a 
loi^itiidinal oual in the base of the testis. They were probably also 
eomiected witii a kmgitndinaJ canal in the Wolffian body, bat this could 
not be deaity made oat 



Fia,^. The antetforlbiirTasaeffarentia of a neariy ripe embryo. Con- 
nected with the foramost one is seen a body which 1o<mu like tho remnant 
of a segmental tobe and its opening (r.t^f). 

Fia. & Testis and anterior part of Wolffian body of an embryo of 
Sgoalina Tolgaris. 

The flpne is intended to iUastrato the arrangement of the vasa efferentia. 
There are five of these oonnected with a lonsitadinal canal in the baae of 
the testis, and with another loogitadinal canal in the Wolffian body. From 
the second loqgitadinai canal there pass off four daots to asmany l&lpighiaii 
bodies. Throwfa the Ifalp^faian bodies these docts are continaoasm 
several coils or the WdUnan bodj, andso eventaaUy with the Wolffian dact. 
dose to the hindmmost vas eflerens is seen a body which resembles a 
nidimentaiy segmental tobe (r. 9i.% 
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EXPLANATION OF PLATE XX. 



Complete list of reference letters. 

. cardinal yein. ge, germinal epithelium. 

Malpighian body, od, oviduct or Miillerian duct of the female. 
. Mullerian duct of the male. 
. growth from vesicle at the end of a segmental tube to join the 

collecting tube of the preceding segment. 
. ureter commencing to be formed. 

segmental duct. s, t. segmental tube. 

suprarenal body. Ui ureter. «?. d, WolflSan ducti 

L A, 1 B, 1 C, 1 D. Four sections from a female Scyllium canicula 
) between M and N through the part where the segmental duct be- 
lit into Wolffian duct and oviduct Zeiss B, ocul. 2. Fig 1 A is the 
section. 

ections shew that the oviduct arises as a thickening on the under 
f the segmental duct into which at the utmost a very narrow pro- 
i of the lumen of the segmental duct is carried. The small size of 
n of the Wolffian duct in the foremost section is due to the section 
;hrough nearly its anterior blind extremity. 

2. Section close to the junction of the Wolffian duct and oviduct 
Ue embryo of Scyllium canicula belonging to stage N« Zeiss B, 

ection represented shews that in some instances the formation of 
ict and Wolffian duct is accompanied by a division of the lumen of 
icntal duct into two not very unequal parts. 

3 A, 3 B, 3 0. Three sections illustrating the formation of a 
a female embryo belonging to stage N. Zeiss B, ocul. 2. 
) A is the foremost section. 

Lgures shew that the lumen of the developing ureter is enclosed in 
an independent wall (Fig. 3 A), but that further back the lumen is 
tiut in by the subjacent Wolffian duct, while behind no lumen is 
but the ureter ends as a solid knob of cells without an opening into 
Ban duct. 

L Section through the ureters of the same embryo as Fig. 3, but 
le cloaca. Zeiss B, ocul. 2. 

igure shews the appearance of a transverse section through the 
)lls above the Wolffian duct formed by the overlapping ureters, the 
f which appear as perforations in it. It should be compared with 
, which represents a longitudinal section through a similar wall of 



Fig, 5. Section throngb the nreten, the Wolffian duct and the oyidact 
of a female embryo of Scy. canicula belonging to stage P. Zeiss B, ocuL 2. 

Fig, 6. Sectionofpartof the Wolffian body ofamaleembryoof Scyllium 
vanicola belonging to stage O. Zeiss B, ocnL 2. 

The section illustrates (1) the formation of a Malpighian body {mg) from 
the dilatation at the end of a segmental tube, (2) the appearance of the 
rudiment of the Mullerian duct in the male {,odf\ 

Figs, 1 a,lh. Two longitudinal and vertical sections through part of 
the kidney of an embryo between stages L and M. Zeiss B, ocuL 2. 

7 a illustrates the parts of a single segment of the Wolffiaji body at this 
stage, Tide p. 261. The segmental tube and opening are not in the plane of 
the section, out the dilated yesicle is shewn mto which the segmental tube 
o|)ens. 

7 6 is taken from the re^on of the kidney proper. To the right is seen 
the opening of a segmental tube into the body-cavity^ and in the s^ment to 
the left the commencing formation of a ureter, vide p. 272. 

Fig, 8. Longitudinal and vertical section through the posterior part of 
the kidney proper of an embryo of Scyllium canicula at a stage between 
N and O. Zeiss A, octil. 2. 

The section shews the nearly completed ureters, developing Malpighian 
bodies, &c. 

Fig, 9. Longitudinal and vertical section through the anterior part of 
the kidney proper of the same embryo as Fig. 8. Zeiss A, ocul. 2. 
The figure illustrates the mode of p^owth of the developing^ ureters. 
9 A. More highly magnified portion of the same section as Fig. 9. 
Compare with transverse section Fig. 4. 

Fig, 10. Longitudinal and vertical section through part of the Wolffian 
body of an embryo of Scyllium canicula at a stage between and P. 

The section contains two examples of the budding out of the vesicle of 
a segmental tube to form a Malpighian body in its own segment and to 
unite with the tubulus of the prece(;ling segment close to its opening into 
the Wolffian duct. 
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Aoanthias embryos 225, 259, 268, 275 
Accessory Malpighian body, 256 
Alimentary canal, 48, 50, 51, 54, 63 ; 
stages B — G, 87 — 92 ; its primitive 
constitution, 87; anas of Bnsconi,. 
88; floor formed by yolk, 88; for- 
mation of cellnlAr floor, 89; com- 
munication of neural and alimentary 
canals, 91 ; its discovery by Kowalev- 
sky, 91 ; from stage K onwards, 217 
—229 
Alimentary diverticula, origin of me- 

soblast, 122 
Amniotic vertebrates, yolk-sack circu- 
lation, 237 
Amoeba, division of nuclei, 19 
Amphibians; embryos of, 28, 48, 51, 
55, 56, 62, 84, 91, 141, 161, 189, 
226, 231, 250, 258, 277 ; yolk-cells, 
89 ; epiblast, 99, 100 ; muscular 
system, 115 
Amphioxus, 46, 48, 81, 214, 215, 234 ; 
segmentation cavity, 41,45; neural 
and alimentary canals, 91 ; absence 
of limbs, 104 ; mesoblast, 119 ; 
spinal nerves of, 166, 193 
Amphiura, alimentary tract, 123, 125 
Annelids, 170, 234; derivation of 
mesoblast, 121; development of 
nerves, 165 
Anodon, division of nucleus in, 21 
Anus, development of, 223; of Bus- 

coni, 88 
Argiope, mesoblast and body-cavity, 

123 
Arnold, development of the eye, 188 
Arteries, development of, 235 
Ascidians, neural and alimentary ca- 
nals, 91; origin of the notochord, 96 
Asteracanthion, germinal vesicle of, 8 
Asteroids, development of mesoblast, 

123 
Asymmetry of the blastoderm, 66 
Atrophy of germinal vesicle, 3, 8 
Auditory nerves, development of, 198 
Auditory organ, development of, 188 
Auditory sac, 75, 78 

B. 



Auerbach, germinal vesicle, 9; seg- 
mentation, 20 

Aves, neural and alimentary canals, 
91 ; formation of heart, 231 

Avian blastoderm, 68 

Avian egg, 67 



Bambeke, Prol, segmentation cavity, 
33 ; embryology of osseous fishes, 89, 
90; muscular system of amphibians, 
115 

Batrachian ovum, atrophy of the 
germinal vesicle, 5 ; segmentation, 
14, 27 ; segmentation cavity, 45 

Bergmeister, Dr, processus falciformis, 
186 

Birds ; germinal vesicle, 4, 8 ; seg- 
mentation, 27, 28 ; position of em- 
bryo in blastoderm, 92; segmental 
duct, 125; development of nerves, 
161; doable formation of heart, 
231 ; Milllerian duct, 269, 270 

Bischoff, double formation of heart, 
231, 232 

Blastoderm; its external appearance, 
10; sections of, 17; asymmetry of 
the segmented, 25 ; in osseous 
fishes, 26 ; divisions into two layers, 
33 ; formation of the layers, 34 ; 
growth of, 42, 48, 50; nuclei of 
cells, 38, 39, 40 ; sections of (Elas- 
mobranch and Bombinator igneus), 
68, 60, 61; yolk enclosed by, 80; 
of the Bird, 92 

Blastopore, 68, 81, 92; primitive 
streak remnant of blastopore, 68 

Bombinator, 5, 69, 148, 225, 231 ; 
germinal vesicle of, 5; sections of, 
61 

Brachiopoda, derivation of mesoblast, 
121, 122 ; development of, 123 

Brain, development of the, 174 — 183 ; 
general history, 174; Fore-brain; — 
optic vesicles, 176 ; infundibulum, 
176; pineal gland, 177; olfactory 
lobes, 178 ; lateral ventricles, 179 ; 

20 
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Mid-bndn, 179; Hind-brain :— Cere- 
bellnm, 180 ; Medulla, 181 ; preyioas 
inveHtigationB, 181; Hnxlej, 181; 
Miklacho-Madaj, 182; Wilder, 182 

Calberla, development of nerves, 164 

Cardinal veins, 234 

Cartier, formation of vertebrae, 150, 
153, 154 

Caudal vein, 234 

Cell-division, 17, 19 

Cells of the blastoderm, 34 

CeratodoB, 103 ; Prof. Huxley on, 181 

Cerebellum, development of, 180 

Cerebral hemispheres, 178 

Circulation, general : — Venous system, 
238 ; its primitive condition, 233 ; 
comparison with Amphioxus and 
Annelids, 234 ; cardinal veins, 234 ; 
caudal vein, 234 

Circulation of yolk-sack ; — previous ob- 
servations, 235; various stages, 235; 
difference of type in amniotic Verte- 
brates, 237 

Cloaca, 251, 253; formation of, 221; 
junction with segmental ducts, 221 ; 
abdominal pockets, 222 

Coelenterata, mesoblast of, 118, 121 

Comatula, idimentary tract, 123 

Cranial Nerves, development of, 191— 
205 ; early development of 5th, 7th, 
8th, 9th and 10th, 191; distribution 
of nerves in the adult, 193 ; Fifth 
nerve:— ophthalmic and mandibu- 
lar branches, 197; superior maxil- 
lary branch, 198. Seventh and au- 
ditory nerves, 198 ; — forking of 
seventh nerve over hyomandibular 
cleft, 199 ; formation of ramus oph- 
thalmicus superficialis, 200; mor- 
phology of branches of seventh 
nerve, 201 ; indications of segmen- 
tation in the head, 212 ; Glosso- 
pharyngeal and vagus nerves, 202: 
— general distribution at Stage L, 
208 ; their connection by a com- 
missure, 203; its junction with 
commissure connecting posterior 
roots of spinal nerves, 204 ; absence 
of anterior roots, 205; hypoglossal 
nerve, 205 

Crustaceans, derivation of mesoblast, 
121 

Dicotyledons, division of nuclei, 20 

Disc, germinal (see Germinal disc) 

Discoidal segmentation, 69 

Dohrn, Dr, development of limbs, 
104; of nerves, 167 — 170; segmen- 
tation of head, 215 



Dorso-lateral muscles, 149 
Duodenum, origin of pancreas and 

liver from, 225, 226 
Dursy, 68 

Eberth, suprarenal bodies, 239 

Echinoderms, derivation of mesoblast, 
121, 122, 125 

Ehrlich, protovertebrie and mnscular 
system, 117 

Eimer, protoplasmic net-work in ova 
of reptiles, 53 

Embryonic rim, 41, 43, 44, 47, 48, 54, 
66, 71 

Embryonic swelling, 37, 41, 71 

Epiblast, 25, 36, 42, 50, 61, 62, 68, 69, 
75 ; stages B — G, general features, 
82; stages G— K; characters of, 97; 
homy and mucous layers, 99 ; com- 
parison with Amphibian epiblast, 
99, 100 ; from stage E onwards ; 
division into separate layers, 140; 
plaooid scales, 140; formation of 
their enamel, 141 

Euaxes, mesoblast in, 51 

Excretion, the organs o^ 249 — ^287; 
previous investigations, 249 

Excretory organs and genital ducts in 
adult In male : — £dney and Wolf- 
fian body, 250; Wolffian duct, 251; 
ureters, 251; cloaca, 251; seminal 
bladders, 252 ; rudimentary oviduct, 
262. In female :— Wolffian duct, 253; 
ureters, 253 ; cloaca, 253 ; segmental 
openings, 254; glandular tubuli of 
kidney, 255; Malpighian bodies, 
255 ; relations to segmental tubes, 
255 ; vasa efferentia, 256 — 260 

Eye, 77 ; development of the, 184 

Fins of embryo ; growth of, 70; paired 
and unpaired ; stages G to K ; their 
formation as lateral ridges of epi- 
blast, 101; hypothesis of continuous 
lateral fins, 102 ; nervous supply to, 
103 

Fishes, formation of heart, 231 

Fishes, osseous (see osseous Fishes) 

Flemming, germinal vesicle, 6, 9; 
division of nuclei, 20; segmentation, 
20; formation of the layers, 40; 
protoplasmic net-work in ova, 53 

Fol, germinal vesicle, 9 ; segmenta- 
tion, 20 ; protoplasmic net-work in 
eggs of Geryonia, 53 ; origin of 
mesoblast, 122 

Foster and Balfour, epiblast in em- 
bryos of Birds, 101; protovertebrae 
and muscle-plates in Birds, 114 

Fowl, heart of the, 230 
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Frog, segmentation, 27 

Farrows of segmentation, 10 — 15, 27 



0«nglia of sympathetio nervons sys- 
tem, 172 

Gastrasa theory, 69 

Gastmla, its absence in Elasmo- 
branohs' deyelopment, 63 

Gegenbaur, meroblastic vertebrate eggs; 
55 ; development of limbs, 104; ver- 
tebral bodies, 126 ; notochord, 137 ; 
formation of vertebrae, 150 ; sheath 
of notochord, 155 ; ventral nerve- 
oord, 171; cranial nerves, 192, 194; 
vagus nerve, 204 

Genital ducts: — In male, 250 — 252; 
In female, 253—260 

Gerbe, segmentation, 31 

Germinal disc, 7, 9, 10, 12 ; nuclei of 
cells, 18; asymmetry of, 26; of 
meroblastdc ovum, 56 

Germinal vesicle, 2, 3; atrophy of 
the, 5; general conclusions on its 
fate, 8 

Geryonia, protoplasmic net-work in 
eggs of, 53 

Gills, their first appearance, 97; layer 
from which they are derived, 211 

Gill-slits, formation of, 210 

Glossopharyngeal nerve, development 
of, 202 

Gotte, Dr, germinal vesicle, 5, 6, 9; 
segmentation, 23, 27 ; formation of 
layers, 46; vertebrate eggs; de- 
velopment of Hen's egg, 55 ; sections 
of Bombinator igneus, 61; eggs of 
osseous fishes, 67 ; embryo of Am- 
phibians, 91 ; muscular system of 
Amphibians, 115 ; nuclei of primi- 
tive ova, 132, 137; lateral nerve, 
141, 146; haemal arches, 150; spinal 
ganglia and nerve fibres, 164; de- 
velopment of the eye, 185; mouth 
involution, 189 ; cranial nerves, 192 ; 
segmentation of head, 212; thyroid 
body, 225; liver, 226; subnoto- 
chordal rod, 227, 229 ; doable for- 
mation of heart, 231 

Gtinther, development of limbs, 103 



Haeckel, Prof., formation of the lay- 
ers, 37, 46; vertebrate gastrula, 64; 
eggs of osseous fishes, 67; blasto- 
pore, 68 ; segmentation, 69, 70 ; me- 
soblast, epiblast and hypoblast, 118 

Hanstein, division of nuclei in Dicoty- 
ledons, 20 

Head of embryo, 72, 73, 78, 79, 86 ; 
nervous canals, 144 ; their nerve- 



Bupply, 145; development of organs 
of, 174—216 

Heart of embryo, 76 ; its development, 
230; comparison with other types, 
231; double formation of, 230—233 

Hensea, formation of the layers, 68, 
69; development of notochord in 
Mammalia, 95; embryo of Mamma- 
lia, 114 ; development of nerves, 161, 
163 ; doable formation of heart, 231 

Hepatic cylinders of liver, 226 

Heptanchns, 215 

Hertwig, knobbed nuclei, 23; forma- 
tion of the layers, 40; placoid scales, 
141 

Hexanchus, 215 

His, Prof., vertebrate eggs, 55, 68; 
development of the heaxt, 232 

Holoblastic eggs, 27, 55, 56 

Homy layers of epiblast, 99 

Huxley, Prof., development of brain, 
181 ; brain and skull of Amphioxns, 
214 

Hyaloid membrane, 188 

Hydra, 162; yolk-cells, 7; segmenta- 
tion, 29 

Hydrozoa, germinal YesiclOy 8; deriva- 
tion of ova, 134 

Hymen, 267 

Hypoblast, 43, 45, 47, 48, 50, 51, 62, 
66, 69; inElasmobranchs and Bombi- 
nator igneus, 58, 60, 61; stages B 
— G, general features, 92 ; notochord 
developed from the, 94 

Hypoblast of the head, 210, 211 ; for- 
mation of the gill-shts, 210; layer 
from which gills are derived, 211 

Hypoglossal nerve, development o^ 
205 

^pregnation of eggs, 10, 82 
Insects, derivation o^ mesoblast, 121 
Inter-renal body; its structure in the 
adult, 244 ; its development, 245 

Jackson and Clarke, anatomy of cranial 
nerves, 194, 195 ; vagus nerve, 205 

Kidney, glandular tnbuli of, 255 ; gene- 
ral account, 257, 272 ; details of for- 
mation of ureters, 273 ; primitive 
condition in an Elasmobranch em- 
bryo, 281 

Klein, segmentation, 28; embryo of 
Teleostei, 89 

Kleinenberg, atrophy of the germinal 
vesicle, 6, 7; segmentation, 29; for- 
mation of layers, 40 ; derivation of 
limb-muscles, 149 

Knobbed nuclei, 39, 40 
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Ei>lUb«r, cpiblflfit iu embryos ol mtLtn- 
niaU, 101; protovertcbr*. 115, 119; 
liivmbnuiarlBstiGii externa, IGl, l.t5; 
ilonble formatiou uf lieaii, 331 ; su- 
pru-cnal bodiM. 239 

K»<r&lcii>J(;, Prof ., mesobkat in EoflicB 
uid Asoldiims, 62 ; deTolopnietit of 
AsoiJluis, (IT ; (ormtitioii of the in;- 
sm, TOi commnnicatioii of neiuol 
■LDd ilimentarj canals, 91 ; ori^ of 
tlio notooborJ, 90 ; derivfttion of 
mesoblsNt in Amptiioxas, 119; do- 
Telopnieot of Braohiopoda, 123 ; 
poston&l section of aliiuentsrj tract, 



Lankofltcr,Prof. iderelopmentof CepbK- 

lopoila, oG ; origin of meBoblsst, 133 
Lateral luie; preTioae inTeittifjations, 
141 ; distinctcesB of lateral Une and 
Intcrnt ncrro, 141; lateral nerve r 
bruich of VAgun, 143, 146; UteraJ 
line a tbicttmnR of epiblast, 143; 
its oonversioii into a canal, 144 ; 
tonnatiou of its aegmcotal apertnree, 
144 ; mucous canstla of tbe head, 
144; their nerve supply, 14G; Sem- 
por's and Gotto's Tievr of lateral 
uervp, 145, 146 
Lattral nerve, 141; abranchof vagnfl, 

112 
Ijajem, lomiation of the, J)3— TO 
Leiiciscus rntilus, netinentation cavity, 

LeydifT, external appearance ol the 
likaloderm, 10; segmeutation, 31; 
lioTiiy and macous Injera of epiblaKt, 
99; annclictaR neri-uiis ayelem, 167; 
Buprarennl bodies, 173; eireulation 
of the yolJi-Fftck, 23fi; origin of su- 
prarenal bodies, 237, 240, 245; 
Wolffian body and WolfBan duct, 
250 

Liuberkfihn, Prof., mcBohlaet in Mam- 
malia, 49; development of noto- 
chord,9G; vitreous humour in mam- 
mals and birds, 188 

Limb-Dmacles, tlieir derivation from 
mnscle-plates, 149 

Liver, arJKcs as ventral diverticulnm 
of duodenum, 220 ; hepatic cylinders, 
22G; comparison with other types, 
227 



LymuffiUB, mesoblast of, 52, 122 
Malpigliian bodies, 255—264 



Uammalia, germinal vesiete, G; meso- 
blast, 49, 63 ; neural and elemeutBr; 
caoalB,91; ovum, 92; embryo, 114; 
donble formation of heart, 231; bu- 
prarenal bodies, 247 

Marshall, development of nerves in 
birdB, 101, 213 

Marsipobianchii, aearal and alimen- 
tary canals, 91; absence ol limbe, 
104 

Medullary canal, 84 

MeduUary groove, formation of, 44, 64, 
71, 73; its uonversioa into medul- 
lary canal, 82; BtageB B — G, 83 

MeduBie, protuplasmio nelvrork in ova, 
63 

Membrana elaetica externa, 151, 153 

MeroblaBlic eggs, 65, 56 ; ei^menta- 
tion of, 27, 53, 66, 66, 68, 69 

Uesoblaot, formation of, 46, 48, 49, 51, 
54. 68, 74,76,84; in twolateral plates, 
49; BtagesB— G,85; its division ioto 
somatic and splanchnic layers, 85; 
formation of protovertebrie, 86; Lite- 
ral plates, 80; caudal Bvellings, 87; 
fcOmation of body cavity in the bead, 
87 ; stages G— K, constitution of 
lateral plates, 104; their splanchnic 
and Bomatic l^ere, 104, US; bod; 
cavity between them, lOS, 112; tbeir 
diviflion into lateral and veitebnl 
plates, 105,112; protovertebrK, 105; 

tebral bodies, 107, 112 ; development 
of muscie-plate, 106; diGappcaronFB 
of fieinncnlation to fojTu vertiibnil 
bodies, 107 ; intermediate oell-msss, 
108; bodj-cavity and parietal plates, 
109; primitivehalvesof body-cavity, 
109 ; their Ventral fusion. 110; peri- 
cardial cavity, 110; communication 
of pericardial and peritoneal cavities, 
110: somalopleure and splanchno- 
plenre, 110; general considerations, 
113; lateral plates and alimentary 
diverticula, 122; secondary segmen- 
tation of vertebral colomn, 126 

Mesoblast ol Head, 206—209; body- 
cavity and my'otomes of head: con- 
tinuity of bodj-cavitj into head, 206 ; 
its division into segraenta, 206; de- 
velopment of muscles from tlieir 
vralls, 208 ; general mesoblast o{ 
head, 208 

MetBchnJlioB, germinal veBJole, 8; pro- 
toplasmic network in ova, 63; Ophi- 
iira.and Amphiura, 123 

MihalkowicB, pituitary body in birds, ■ 
190 

Mi klucho-Maday ,de velopmen t of brain, 
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Month Involution and Pitnitary bodj; 
development of, 189 — 191 ; outgrowth 
of pituitary involution, 190 ; separa- 
tion of pituitary sack, 190; junction 
with infundibulum, 190 

Mucous Is^rer of epiblast, 99 

Miiller, Dr W., pituitary body, 190; 
thyroid body, 225 

MUllerian and Wolffian ducts. In 
female. General account, 265 ; for- 
mation of oviduct, 266; hymen, 267; 
In male. Budimentary Mtillerian 
duct, 267 ; comparison with its de- 
velopment in birds, 269; urinal 
cloaca, 271 

Muscle-plates, 75, 77, 107, 112; in 
Birds, 114; from stage K, their 
growth, 147; conversion of both 
hiyers into muscles, 148; division 
into dorso-lateral and ventro-lateral 
sections, 149; derivation of limb- 
muscles from muscle-plates, 149 

Muscles, conversion of muscle-plates 
into, 148 

Muscles of head, development of, 208 

Myotomes of head, 206 

Myriapods, derivation of mesoblast,. 
121 

Nematodes, derivation of mesoblast, 
121 

Nemertines, 170 

Nephelis, nuclei of, 30, 40 

Nerves, cranial (see Cranial Nerves) 

Nerves, spinal (see Spinal Nerves) 

Nervous system, sympathetic; deve- 
lopment of sympathetic ganglia on 
branches of spinal nerves, 172, 173; 
formation of sympathetic commis- 
sure, 172 

Network, protoplasmic in the ripe ova- 
rian ovimi, 1 

Network protoplasmic of yolk, 52, 90 

Neural arches, 153 

Neural canal, 90 

Notochord, section of (Elasmobraneh 
and Bombinator igneus),58, 60,61; 
first appearance of, 74 ; stages B — G, 
92 ; its formation as a me<Uan thick- 
ening of the hypoblast, 92 ; possible 
interpretation, 94 ; stages G — K ; 
formation of its sheath, 136; changes 
in its cells, 137 ; from stage K, pre- 
vious investigations, 150 ; cartila- 
ginous sheath, and membrana elas- 
tica externa, 153 ; segmentation of 
cartilaginous sheath, 153 ; vertebral 
and intervertebral regions, 153 

Notochord in head, 209, 210 

Nuclei, in segmentation, structure of,^ 
13, 14, 15; spindle-shaped, 17; knob-* 



bed, 18, 23; division of, 19; of epi- 
blast cells, 36, 40; of blastoderm 
cells, 38, 39, 40; of yolk, 88, 40, 44, 
61, 53, 57 

Oellacher, on the germinal vesicle, 4, 

8; segmentation, 20, 27, 28, 30; for- 

mation of layers, 46; embryo of 

trout, 87 
(Esophagus, originally hollow, 217 ; 

becomes solid in sts^e K, 217 
Olfactory lobes, development of, 178 
Olfactory organ, development of, 184 
Ophiura^ alijoientary tract, 123, 125 
Optic vesicles, 75 
Osseous fishes, germinal vesicle in, 4, 

8 ; germinal disc, 26 ; segmentation, 

27 ; segmentation cavity, 33, 41, 45 ; 

mesoblast, 52; development of, 67; 

blastopore, 81 ; medullary canal, 84 ; 

Prof. Bambeke on, 89; neural and 

alimentary canals, 91 
Ovarian eggs, 52 
Ovarian ovum, structure of the, 1 — 9, 

56 
Oviduct, rudimentary, 252, 266 
Ovum^ mammalian, 92 
Owsjannikow, embryo of sturgeon, 91 

Pancreas, arises as dorsal diverticu- 
lum from duodenum, 225; further 
growth, 226 ; formation of duct, 226 

Parietal plates in mesoblast, 109 

Parker, development of cranial and 
visceral skeleton, 209 

Pericardial cavity, 110 

Peritoneal cavity, 110 

Petromyzon, derivation of mesoblast, 
121 

Pituitary body, development of, 190 

Placoid scales of epiblast, 140 ; forma- 
tion of their enamel, 141 

Podophyra gemmipara, 23 

Postanal section of alimentary tract: 
continuity of neural and alimentary 
canals, 218; its discovery by Ko- 
walevsky, 218; postanal section of 
gut, 219 ; its disappearance, 221 

Primitive origin of nerves, 161 

Primitive ova, 130, 132, 287 

Primitive streak in birds, compared 
with blastopore, 68, 92 

Pristiurus embryos, 73, 76, 78, 83, 87, 
97, 111, 138, 228; germinal disc, 9; 
segmentation, 10, 12 ; membrane of 
ovum, 31 ; embryo with three visce- 
ral clefts, 128, 280; segmental duct, 
128; notochord, 136 

Processus falciformis, 186 

Protoplasmic network of yolk, 52, 53, 
90 



rTotowrtcliriP, 86, B5, lOB; in bitdB, 



ItftU, Dr Cart, meaoblast of Lfiniisiu, 

02,123 
Kamiie oiilitlinlimciu Baperfioialis, 300 
Kaubot. Dr, 07 
Kuiuak, Tertelirii] boJies, 130 
Beplilia, protopluBmio network in ova 

of, S3 1 Deonl oud alimeutarj oo- 

niil*. 91 
" BichtniiBflkfirpw," derivpil from Ihe 

gorminal TCHicle, 8, 7, 6 
BiuGoui, onoB ol, 18, 65, 63, GS, 81 



Sdenkit, maRcles of Echiiiodenns, 133 

Scminitl bladders, 353 

Semper, Prof,, hie riew of lateral 
nerve, 141, 116; developmont of 
nerves, 167. 170; ef-gni^iitBtioii of 
Lead, 311; eubuutocliorJal rod, 'HI, 
239 ; interreaal body, 345 ; ezcretor; 
BjBtem, 219—287 

Senee. orgaiis of, development of, 164 
—189; olfaotorjor^ait, otfactor;pit, 
1S4 ; Schneicleriui folds, 184. Eye: 
geceial developnient, 184; hyaloid 
membruiG, 185; lens capsule, 1S6; 
procdSBue tftloitomiis, 186. Anditer; 
oreiiu: aiidito>7 pit, 188; Bemioir- 
cnlai cbhsIb, 189 

SipboDophora, protopls^mio net-work 



Saeha, diTisiou of UDolei, SO 

iiaRitta, derivation of meEoblast, 131, 
123, 123 

Bcbeiik, gE^nninnl lesiole, 7 ; segmen- 
tatinu, 91 

Scbneideriau folds, 181 

8«bnltz. Dr AleiaDder, Btrocttu« of 
the ripe offtriaii oynm. 1, 9, 32; Beg- 
in eatutioD- Davit j, 33, 34, 3S, 86; 
net'Kork of yolk, 63, 'JO; protoplas- 
toio net-work in ova, 57; ezBretoi; 
qrBtem, 319 

ScLnltKe, F. B-, divKion ot nnolei, 19 

Bcjllinm, erabrj-o. 73, 7fi, 7S, 80, 07, 
111; (iBnniiinl disc, 0; aepraentn- 
tion, 10, 12; menibmneof ovnm, 31 ; 
eegmental involution!!. 129; primi- 
tive ova, 1S4; notoclionl, ISO; for- 
matioQ of Wolffian and Mullerian 

Sepmental duct, 227; of bitda, 125; of 
PristiuniB and Torpedo, 12S 

Segmental tubes in urinogeDilal b;s- 
tem, 127, 138, 251; development of 
360; tbeir jnnctiun with segmental 
duct, 261 ; division into four aeg- 
mt'nts, 361 ; formation of Malpigbiaa 
Wlies, 261 ; connection between 
SQCccBsive segments, 363 ; morpho- 
logic^al intereat of, 264 

Segmentation, 10 — 32; literature of, 
SI 

Segmentation of the head, 211_21G ; 
indication of segmentation afiorded 
by cranial nerves, 213; by visceral 
clefts, 215; by heod-cavitiea, 215; 
compariaon of reaalts, 216 

Segmentation -cavity, 54, 6G, 71; for- 
mation of, 33, 35, 36, 40. 41 ; disap- 
pearance of, 41 ; summary of its 
history, 44—46 ; of ElnBmobrancbfl 
compared with other typea, 46 



Somatic layer of meEoblaat, S5, 113 

Somatopleure, 110 

Speiigel, Dr, nrinogenital system ol 

Amphibians, 250, 361; vasa eftc- 

retitia, 268, 376 
Spinal nerves, developmeot of ; fc«- 

mation of posterior roots, 166 ; of 

uniting posterior roota, 158; thtui 
obange m position, 168; develop- 
ment of ganglion, ISS; changes in 
anterior roots, 169 ; jnnction of an- 
terior and posterior roota, 160; gen- 
eral considerations ; origin of nerves, 
161; peripheral growth, 102; Hen- 
Btn'B views, 161, 103; Gotte, 164; 
Calberla, 164; annelidau and verte- 
brate nervous systtms, 165 ; spinal 
canal. 166; Dr Dohrn's views, 167; 
dorsal coalescence of lateral nerte 
cords, 171 

Splanchnic layers of meBoblast, 101, 
112, 113 

Splanchnic vein, 233 

Splanchnopleure in mesoblast, 110 

Squatiua, embryos of, 277 — 279 

Stonniua, nervous BjBfem in fishes, 
103; anatomy of cranial nerves, 
193, 196 ; vagus nerve, 206 ; vascu- 
lar system and vascular glands. 239 

Strasburger, germinal vesicle, 8, 9; 
aegmeiitatiou, 20, 22, 24 

Strieker, nervous and epidermic layers 
of cpiblaet, 99 

Sturgeon, embryo of, 84, 91; oviduct, 
271 

Subnotochordal rod, its separation 
from dorsal wall of alimentary ca- 
nal, 227; section of it in tlie trunk, 

-228; iu the bead, 228; ita disap- 
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pearance, 229 ; views as to its mean- 
ing, 229 

Supra-renal bodies ; their stmotnre in 
the adult, 239 ; developed from sym- 
pathetic ganglia, 240 

Sympathetic nervous system (see Nerv- 
ous system) 

Synapta, derivation of mesoblast vHf 
123 

Tail-swellings, 73, 74, 77, 87 
Teleostei, embryos of, 89, 90 
Terebratula, mesoblast and body-oa- 

vity, 123 
Testicular net-work, 258 
Thyroid body ; its formation in region 

of mandibular arch, 223 ; it becomes 

solid, 224; previous investigations, 

225 
Todaro, Prof., endostyle and noto- 

chord, 96 
Torpedo embryos, 82, 86, 98, 102, 111, 

139, 157, 223, 228 ; layers of epiblast, 

70; segmental duct, 128; notochord, 

136, 223, 228 
Trout, embryo of, 4, 87 
Tunicates, derivation of mesoblast, 

121 
Turbellarians, 170 

Ureters, 251, 253, 273 

Urinal cloaca, 271 

Urinogenital system in stages G to E, 
108, 127 ; development of segmental 
duct and segmental tubes, 127, 128 ; 
formation of a lumen, 129 ; opening 
of duct and tubes into body-cavity, 
130 ; comparison of duct and tubes, 
130; primitive ova, their position 
and structure, 130 — 136 ; organs in 
adult Elasmobranch, female, 285, 
male, 286 

Vacuoles, 13, 94, 186 

Vagus, lateral nerve, a branch of, 142, 

146 
Vagus nerve, development o^ 202 



Van Beneden, germinal vesicle of 
mammalia, 5 ; formation of the lay- 
ers, 40, 69, mammalian ovum, 92 

Vasa efferentia, 257 ; views of Semper 
and Spengel, 275; general homolo- 
gies, 279 

Vascular system and vascular glands, 
230—247 

Vascular glands: supra-renal and in- 
ter-renad bodies, 237; previous in- 
vestigations, 238 

Venous system, development of, 233 

Ventro-lateral muscles, 149 

Vermes, segmented and unsegmented ; 
nervous systems, 171 

Vertebral bodies, 107, 112 

Vertebral column, 126 ; from stage E, 
150 

Vertebrate ovum, 65 

Vertebrates, development of nerves in, 
162, 164 

Vesicle, germinal, atrophy of the, 6 

Visceral clefts, indication of segmenta- 
tion of the head, 212 

Von Baer, double formation of heart 
in birds, 231 

Wagner, embryo of sturgeon, 91 

Waldeyer, vertebrate eggs, 55; inter- 
mediate cell-mass in the chick, 108 ; 
intermediate cell-mass, 127 ; germi- 
nal epithelium, 134 

Wilder, Prof. B. G., development of 
brain, 182 

Wolffian body: general account, 271; 
details of formation of ureters, 273 

Wolffian duct (see Mullerian and 
Wolffian ducts) 

Wyman, Prof., curculation of yolk-sack 
in Baja batis, 235 

Yolk, nuclei of the, 24, 38, 48, 51, 57 ; 
enclosed by blastoderm, 80; proto- 
plasmic net-work of, 90 
Yolk-sack, circulation of, 235 
Yolk spherules, 11, 12, 29, 34, 86, 37, 
89, 43, 52, 82, 94, 135, 186 
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